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iui Heating of Railway Motors in Service and on 


Test-Floor Runs 
BY G. E. LUKE 


: Associate, A. I. BE. B, 
Westinghouse Electric & Mfg. Co., E. Pittsburgh, Pa. 


Review of the Subject.—The rating given to a motor 
is the manufacturer's guarantee of the motor performance under the 
conditions given on the name plate. 

Assuming that this rating is entirely safe, then the successful 
functioning of the motor depends entirely upon the application 
engineer's analysis of the particular duty that the motor will be 
required to perform. 

Where the required motor output is practically constant the 
application is simple; however, in many cases the motor load is 
apt to be anything but constant, consisting of loads of all degrees 
of magnitude, and in such cases the economically correct application 
ts especially difficult. The past improvements made in the motor 
design, mechanically and electrically, have resulted in greater import- 
ance of the motor-operating temperatures, in fact in the great 
majority of cases the motor rating is limited only by the motor 
temperature. It is obvious then that correct motor applications 
depend to a very great extent.upon correct operating temperatures. 

Ratings such as the continuous, short-time, normal, and duty- 
cycle ratings give the performance of the motors under some par- 
ticular conditions; however, the duty required of a great number 
of industrial and railway motors will not agree with any of the 
above ratings. Thus the application of motors to cranes, hoists, 
steel mills, and railways must be made with the knowledge of the 
motor’s performance under one or more arbitrary conditions. 

In general the two ratings which should be known for motor 
application to such irregular duty are the continuous and a short- 
time rating. The time period of the short-time rating should 
not exceed one hour and in many cases a one-half hour run is 
preferable. 

The correct application of a motor requires a knowledge of the 
thermal conditions inside of the motor. Thus it is evident that 
the motor must be able to dissipate eventually all of the heat losses 
generated. On a continuous load the final rate at which the heat 
is transferred from the motor to the air will be equal to the rate of 
heat generation. 

The resulting temperature rise can be estimated with the physical 
conditions known. This is simply a problem in physics and 
involves the conditions of ventilation with the corresponding ven- 
tilating surfaces. To predetermine the internal temperatures 
requires a knowledge of the rate of heat flow along the various heat 
flow paths to the ventilating surfaces. 


Under irregular loads the temperatures are transient and are - 
determined not only by the conditions of ventilation and rates of 
heat flow, but. also by the motor’s ability to store heat, which is 
proportional to the product of the motor’s mass and specific heat. 
Hence the temperature rise of any part of a motor under any given 
load for some definite time is. a function of the rate of heat flow 
from that part to the surrounding air and its thermal capacity. 
Thus from the known physical conditions the temperature rise of 
the motor can be predetermined and with certain assumptions a 
simple equation can be developed which will give an approximate 
value of the motor temperature under any given load conditions. 

When the constants of the theoretical equations are based wpon 
tests (such as given by short-time and continuous rating) the above 
method of temperature predetermination will be sufficiently accurate 
for most practical purposes, and will make possible the calculation 
of the motor temperature rise under any duty cycle. 

The temperatures referred to are not only those temperatures 
obtained by thermometers wpon the surfaces of the machines, but 
also the maximum internal temperatures, since it is the latter 
temperatures which first produce insulation failure. 

The temperatures obtained by thermometers bear no fixed rela- 
tion to the maximum temperatures for all types of machines under 
various loads. 

In order to have something concrete to work upon the writer has 
taken up the heating and cooling characteristics of railway motors. 
A brief analysis of the heating at the standard ratings is given. 
The fundamental equations defining the temperature rise of a 
motor on a continuous or short-time load are developed, and finally 
the applications of these equations are made in several specific 
examples. : 
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HE adoption of standard motor ratings for various 

types of service has greatly facilitated the correct 

application of the motors. However, the motor’s 
performance can be relied upon only in those applica- 
tions where the duty required of the motor is equivalent 
to that specified by the motor’s rating. This introduces 
a factor of uncertainty in the application of the motor 
to such irregular and intermittent service as is required 
of crane, hoist, steel mill, and railway motors. 

The selection of a proper motor for a particular 
railway service is without doubt one of the most difficult 
problems in motor application. For instance the street 
ear motor is subject to daily rush hour loads; to pos- 
sible heavy peak loads due to a steep track grade; 
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and in addition to thisit is called upon to deliver 
abnormal overloads resulting from conditions such as 
holiday crowds, trailer operation, snow or the necessity 
of pulling in a disabled car, and these conditions are 
apt to be accompanied by a low line voltage. 

Railway motor failures may be classed as mechanical 
and electrical. A large part of the electrical failures 
is due either to poor commutation and flashing or to 
excessive temperatures. In the modern commutating- 
pole motor mechanical failures and those electrical 
ones which are caused by poor commutation have been 
greatly reduced; however, the possibility of break- 
down due to high operating temperatures is still 
present. The modern high-speed, ventilated, com- 
mutating-pole motor will deliver a much greater output 
per pound of motor than the early types of railway 
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motors. This means of course that the motor’s 
capacity for the storage of heat on short-time over- 
loads has been reduced and has resulted in making the 
peak load temperatures the predominating factor in 
some railway motor applications. 

The purpose of this paper is primarily to discuss 
the heating of railway motors on the standard test 
floor runs and to develop a general method by which 
the heating can be predetermined for any given 
service. However, the analysis of the heating prob- 
lem as given is general, and is applicable to the tem- 
perature predetermination of any rotating electric 
machine. 

STANDARD MoTorR RATINGS 

The adoption of a simple test or combination of 
tests which would be a criterion of a motor’s perfor- 
mance in any railway service has been recognized as 
impractical. With such intermittent loads the best 
general method of rating should be based upon the 
motor’s overload or thermal capacity and upon its 
continuous rating. Thus the Standards of the Ameri- 
ean Institute of Electrical Engineers say that the 


nominal rating of a railway motor is that output which 


the motor will develop for one hour with a temperature 
rise by thermometer at the end of the run of not over 
90 deg. cent. on the commutator, and 75 deg. cent. 
at any other normally accessible part. With this 
short-time run a majority of the heat losses is stored 
up in the motor so that this rating is to a certain degree 
a measure of the thermal capacity of the machine 
as a unit. 

The continuous rating is defined as the input in 
amperes at which it may be operated continuously at 
14, 34 and full voltage respectively without exceeding 
a temperature rise of 65 deg. cent. by thermometer 
(85 deg. cent. by resistance) for Class A! insulation 
and 80 deg. cent. by thermometer (105 deg. cent. by 
resistance) for Class B? insulation. 

Thus the continuous rating is a measure of the motor’s 
ability to dissipate heat. 


DISTRIBUTION AND DISPOSAL OF HEAT LOSSES 


With regard to ventilation there are three general 
classes of railway motors, namely, totally enclosed, 
self-ventilated and separately ventilated motors. The 
Institute Standards define a ‘‘totally enclosed”’ motor as 
one so enclosed as to prevent circulation of air between 
the inside and the outside of the case, but not suffi- 
ciently to be termed “air-tight.” A “‘self-ventilated”’ 
machine is one in which the ventilating air is circu 
lated through the machine by a fan, blower or centri- 
fugal device integral with the machine. A “separately 
ventilated” machine has its ventilating air supplied 
by an independent fan or blower external to the machine. 


1. Class A insulation is composed of specially treated cotton, 
silk, paper or similar materials. 

2. Class B insulation is composed of material capable of 
resisting high temperatures such as mica and asbestos. 
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NoMINAL ONE-HouR RATING 
Table I gives the distribution of losses on four 
typical types of motors at the one-hour and the con- 
tinuous rating. This nominal rating is purely an 
arbitrary one. As previously mentioned the rating 


TABLE I. 
DISTRIBUTION AND DISPOSAL OF LOSSES IN RAILWAY 
MOTORS 
Separate 
Type of Ventilation Enclosed Self Ventilated Vent* 
Rating—Time......... 1 hr. [Cont | 1 hr. |Cont | 1 hr. |Cont 1 hr. Cont 
ViGltS arnants reer 600| 450} 600} 450} 600} 450 600| 450 
SP. toc 60) ae (sil) oe PAS ie 200) 
Amperes...... 88 36 95 60 37 35 280| 220 
Rev. per min 700| 827| 700| 638] 1225} 950 670| 550 
Weight of bare motor..| 2350] .. | 2350 : 870| .. 5200] .. 
Weight armature...... 615 615 225 1700} .. 
Armature watts loss: 
Armature copper......- 1800| 301]2100| 840] 820] 733] 3980 2450 
Armature iron and stray 
DOW EI s ce 6 ice ers es 1170| 560]1170| 620] 780] 500] 3250 2500 
One-half friction and 
WATDAG Os oes sreisienere 300| 400] 325] 280| 220] 155] 900} 700 
Br UshlOss sans saenuenees 264] 108] 285] 180] 111] 105 840] 660 
Total armature loss... .| 3534 | 1369 | 3880 | 1920 | 1931 1493 | 8970} 5310 
Field copper loss....... 1825| 306]2360| 950| 650) 580] 4690) 2900 
One-half friction and 
WAINGDACO meee -iaaniees ote 300| 400] 325] 280] 220] 155 900| 700 
Total motor loss....... 5659 | 2075 | 6565 | 3150 | 2801 | 2228 ]14560) 8910 
Per cent copper loss... .| 64.0 | 29.2] 67.9 | 56.8 | 52.5 59.0] 59.5| 60.0 
Armature loss per cent 
Of GOAN aries usas 62.3| 66.0] 59.1] 61.0 | 69.0 | 67.0] 61.6) 59.5 
Watts loss /lb. of motor.| 2.41} 0.88} 2.79) 1.34] 3.22 2). 56) 2.80) ade 
Armature loss/lb. of 
ALINBEULO seit e c sretae ate 5.75|2.2216.31]3.12| 8.68/6.65] 5.28) 3.13 
Armature copper loss/ 
IDS COPDELetaemoieteaceue 26.5| 4.4 |30.9]12.3 | 36.4] 32.6] 14.7) 9.1 
Field copper  loss/Ib. 
COPDEE i aacaietss.cceenee FV P19 FORE | eS Or Ls Sek 8.7| 5.4 
Disposal of losses: 
Per cent absorbed...... 81.4 0] 81.9 0} 57,5 0}; 69.0}; O 
Per cent dissipated from 
TPAIMN Ohne o aterescscheasterehere 10.8| 100}]4.6 | 62.0/12.5| 45.0 4.9/ 14.3 
Per cent carried away 
by the ventilation air 
through motor....... 7.8 | 0]13.5/38.0|]30.0] 55.0] 26.1] 85.7 


*Separate ventilation on the continuous rating only. 

‘8 intended to be a standard of measurement ofa motor’s 
thermal capacity. The requirement for this is that 
no heat loss shall be dissipated from the motor, that is 
all of the losses must be stored in the motor masses. 
This condition is approximated in totally enclosed 
machines where the heat losses from the external 
frame by radiation and convection rarely exceed 10 
per cent of the total loss. 

In the early non-commutating-pole motors it was 
necessary to observe carefully commutation during 
this one-hour run and this necessitated theremoval of the 
commutator cover. This practise is still used in 
the modern motors. In fact Rule No. 5202 of the 
Standards of the A. I. E. E. says that the covers should 
be arranged to secure maximum ventilation without 
external blower. 

Some of the self-ventilated motors will circulate 
as much as 50 per cent more air with all covers off than 
with covers on as in service. This has resulted, as 
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shown later, in the nominal rating being dependent 
upon ventilation as well as the thermal capacity of 
the motor. The table shows that of the total losses, 
from 59.1 to 69.0 per cent is found in the armature. 
Since the armature weight is only about one-third of 
the total motor, its thermal capacity (ability to store 
heat) on short-time loads will be less than that of the 
motor as a unit. It results in an armature loss per 
pound of armature of 5.28 to 8.58 watts. The arma- 
ture copper loss per pound of copper ranges from 14.7 
to 36.4 watts. A loss of 4.5 watts per pound of arma- 
ture will raise its temperature 75 deg. cent. in one hour 
if all the loss is stored in the iron and copper. Hence 
in the 25-h. p. high-speed motor at least (8.58 — 4.5) / 
8.58 or 48 per cent of the total armature loss must be 
transferred elsewhere; with the larger motors this 
percentage is considerably reduced. A loss of 3.75 
watts per pound of copper if all stored in the metal 
will raise its temperature 75 deg. cent. in one hour. 
This means that toward the end of the one-hour run 
with this motor by far the greater part of the heat loss 
generated in the armature copper must be transferred 
to the iron or air and but little of that loss is stored. 
On the one-hour run the motor losses are stored up 
in the iron and copper, carried away by the ventilating 
air through the motor and dissipated from the external 
frame by radiation and convection. Table I shows that 
of the total loss about 81 per cent is stored in the motor 
parts for the first two motors while for the last two 
more highly ventilated motors this percentage is 57.5 
and 69. This shows that the one-hour rating is not a 
true indication of the motor’s thermal capacity, since 
the percentage of the heat loss stored in the motor 
during this run is a function of the motor’s ventilation. 


CONTINUOUS RATING 


On continuous duty all of the heat losses in the 
motor must be transferred to the surrounding air, 
that is, this rating is not affected by the heat storage 
capacity of the motor. In a totally enclosed motor 
the total losses are transferred to the frame and are 
then liberated by radiation and convection. The 
frame temperature rise is approximately proportional 
to the watts per square inch to be liberated. The 
heat dissipated from the frame is about 0.013 watt 
per square inch of surface per deg. cent. rise. This is 
an average value from many tests. The surface is 
taken as that of a solid cylinder whose over-all dimen- 
sions are equal to. those of the motor. The actual 
effective surface is greater than this due to the rough- 
ness of the castings and the numerous irregular pro- 
jections. This accounts for the high value of this 
constant since the heat loss from a smooth surface due 
to natural convection and radiation is only about one- 
half of the above value. With a car speed of 10 mi. per 
hr. the above constant is approximately doubled. The 
internal temperature drop from the armature to the 
frame is a function of the ventilating surface and the 
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internal ventilation. It is evident that the external 
ventilation on the frame can not affect this internal 
drop. The external frame rise on continuous duty 
averages about 60 per cent of the internal temperature 
rise when measured on the test floor by thermometers. 
The rating on an enclosed motor is limited by this low 
heat. flow from the frame and by the temperature 
gradient necessary to cause the armature loss to be 
transmitted to the internal air and then from this 
alr to the inner frame surface. For continuous- 
rated enclosed motors the weight per h. p. increases 
with the motor size. This may be seen for example 
by the fact that by doubling the motor’s dimensions 
the external ventilating surface is increased to four 
times its first value while the weight is increased to 
eight times the original weight. 


VENTILATED MOTORS 


When air is circulated through a motor by either 
an internal or external fan the effect is two-fold. It 
reduces the internal air temperature and for a given 
loss it decreases the temperature gradient between 
the ventilating surface and the internal air. It is 
possible to reduce this temperature drop to a very 
small value with separate. ventilation; however, the 
internal insulation drop is still present. This tempera- 
ture difference between the copper and the ventilating 
surface is the limitation to the degree of ventilation 
economically possible. Thus Table I shows that the 
small 25-h. p. self-ventilated motor on the continu- 
ous run can dissipate 2.56 watts per pound of motor 
while the heavy locomotive motor (insulated for 
1500 volts) with separate ventilation can get rid of 
only 1.71 watts on the basis of the same copper tem- 
perature rise. This is due to the large internal tem- 
perature drop in the windings and insulation of the 
larger motor which is independent of ventilation. 
The first two motors listed in the table give a compari- 
son of continuous rating possible on a totally enclosed 
and a‘self-ventilated motor of the same weight. It 
shows that for the same internal temperature rise the 
enclosed motor can dissipate a loss of 2075 watts 
while the self-ventilated motor can dissipate 3150 watts. 
This difference will increase with the speed of the 
armature. 


APPLICATION OF MOTOR 

The usual method of applying a railway motor to 
any given service is to estimate the average root-mean- 
square current from the conditions known. The motor 
must have a continuous rating at least equal to this 
r.m.s. current. With this rating known the average 
operating temperature rise can be estimated from the 
above current. Due to the irregularity of the load it 
is necessary to see if the motor has sufficient overload 
or thermal capacity to take the peak loads without 
excessive temperature rise. This predetermination of 
temperature rise on intermittent duty is a very difficult 
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problem, for which a rigid mathematical solution is 
practically impossible. However, a comparatively 
simple approximate solution is possible. 


SOLUTION OF PROBLEM? 


The following solution of this problem has been made 
on the assumption that the heat losses and ventilation 
in the motor or any part thereof considered are uni- 
formly distributed. This  s not strictly correct; 
practically however it is permissible since the heat losses 
will to a certain degree distribute themse ves by con- 
duction through the iron and copper. 

(5) Total energy loss = stored energy + dissipated 
energy. 

The solution of this equation is given in the appendix. 
The final equations are: 


LT, 


T,— 
emo ty logio Wieser: (10) 
or an equivalent form: 
TL eT eT) 6 (11) 


where (e) is the Naperian base (2.718) 

t = Timein hours the load is applied. 

T, = Temperature rise at start, deg. cent. 

T, = Temperature rise at end of time (t). 

4T, = Final temperature rise on continuous duty, 
and 


Ww 


VSR 
S.tK.+ 740.95, K, 


T, = 


(8) 


W = Watts loss of motor or part considered. 

S. = External surface of motor frame in sq. in. 
This may be figured by considering the 
motor as a solid cylinder. 

K,. = Heat dissipation from the external surface 
in watts/sq. in/deg. cent = 0.018 approxi- 
mately when frame is stationary. 

r = Ratio of external frame rise to the internal 
surface rise. This ratio is a function of 
the degree of ventilation of the motor. 
On enclosed motors it averages about 
0.60; on self-ventilated motors 0.40; and 
with separately ventilated motors 0.20 
to 0.30. 

V = Volume of air passing through the motor in 
cu. ft./min. 

S,; = Internal ventilating surfaces of the motor 
which come in contact with the ventilating 
ainesdains 

K, = Heat transfer from the ventilating surface 
to the air in watts/sq. in. of surface/ 
deg. cent. difference between the surface 
and adjacentair. Thisis determined by the 


3. The method of solving this problem was first suggested 
to the writer by Mr. C. E. Wilson. 

4. These temperatures are the average surface temperatures 
as obtained on the iron core. 
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air velocity, direction of air flow with respect to the sur- 
face, and the nature of the surface. Fig. 1 shows the 
curve of an-average value for this constant which 
was obtained from many tests made upon actual 
machines and experimental apparatus. 


Kj; WATTS PER SQUARE INCH PER DEG.CENT. 


D = AVERAGE AIR VELOCITY THROUGH 
MACHINE IN 1000 FEET PER MINUTE 


Fig. 1—Surrace Heat Dissipation 


In watts per sq. in. of surface per deg. cent. difference between surface 
and air temperature. 


It is incorrect to use the above equation (8) for self- 
ventilated motors where the air vo'umes V are rela- 
tively small. Under these conditions the heat transfer 
constant K; is determined more by the peripheral speed 
of the armature than by the actual air velocity through 
the motor. Where separate ventilation is used the 
heat dissipation is practically independent of the 


| | {ure 
|. | ag. yrotor AEE r= 
Ee) Hr a= sat 


-= WATTS PER DEG.CENT. RISE DISSIPATED ON CONTINUOUS DUTY 


0 1 2 3 Gy 500: 6 7 8 9 
ARMATURE REV. PER MIN. 


Ww 
tT 


Fig. 2—Herat Loss 


In watts per deg. cent. rise dissipated at various speeds at the continu- 
ous ratings for the motor and motor armature. 


armature speed; in this case the above equation is 
applicable. 

For self-ventilated motors the value of the continuous 
temperature rise T, should be based upon test results. 
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This value is usually known for two or more speeds, that 

is the rating at 300 and 450 volts. If the rents loss 

per degrees centigrade rise (W/T.) is plotted against 

the armature rev. per min. the points fall approxi- 

mately on a straight line as shown in Bigse2eThe 

value of this constant for zero speed is approximately 

equal to 0.006 times the external surface of the motor. 

When the armature only is considered the value of 

W/T. becomes approximately equal to 0.008 times the 

external motor surface for standstill conditions. Hence 

with one other test point the line is determined. 

In equation (9) 
m sea tal ae i) : 
ti = 0.06 Te laa ive 

t; = The thermal time constant of the motor and is 
the time in hours necessary to raise the tem- 
perature of the motor 7, deg. cent. with the 
loss W and no ventilation, that is with all of the 
energy absorbed in the motor. 

P, = Weight in pounds of the motor parts which have 

' . losses generated in them. 

P; = Weight in pounds of the motor parts which have 
no losses generated in them, such as the frame 
and end housings. 


This constant t; can also be determined from tests. ' 


It is necessary to have a continuous and a short-time 
temperature test. Substitution in equations (10) or 
(11) will give the value of 4. 

Part I of the Appendix is a general solution and can 
be applied to the motor as a unit or to any part thereof. 
It may be advisable in some cases to consider the 
armature alone and in other cases to consider the 
fields. The temperature rises referred to here are the 
surface temperatures as measured by thermometers. 

Part II gives the method to be used in order to 
obtain the actual internal copper temperature of the 
fields or armature windings. 


METHOD OF APPLICATION 

An example will probably clarify the above method 
for determining the temperature rise of a motor. For 
instance, calculate the heating curve of a particular 
-75h. p. low-speed motor, separately ventilated with 
800 cu. ft. of air per minute; the load to be 90 amperes 
at’ 600 volts. First find the final surface temperature 
rise 7’. with the loss W, equation (8): 


Ww 
T= 
: V Sik: 
Ko. 7 v 
eae eyo eK, 
Where: 
W = 6610 watts (total motor loss) 
S, = 4740 sq. in. (external frame surface) 
r = 0.30 (ratio of frame rise to the internal surface 
rise) 


K, = 0.013 heat dissipation from frame in watts/sq. 
in./ deg. cent. 
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V = 800 cu. ft./min. (air volume) 

S; = 5460 sq. in. (internal ventilating surface) | 

v0 .= 2070 ft./min. (average air velocity - through 

* motor ducts) : 

K; = 0.038 (heat dissipation constant, see Higvel 
Substituting these constants in the above equation the 
final rise 7’, = 35.5 deg. cent. 

The thermal time constant (see Equation 9) is 


0.06 (P, + rP,) T, 
W 


where the weight of active material (P,) = 1780 Ib. and 
the weight of inactive material (P;) = 1850 1b. With 
r, T, and W as given above t, = 0.774. Hence with 
the initial temperature rise (7',) known the rise at the 
end of any time (t) can be found from equation (10), 
where 
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Fig. 3—Heratine Curve or 75-H. P. 600-Voitr D-C. Ratt- 
way Motor 


Forced ventilation. : 
Load, 90 amperes, 600 volts. 
Curves as calculated. 
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These values fare plotted in’ Fig. 8. The results 
found in actual tests are also given. 

The temperature rise of the armature and field copper 
can also be found by using the method as given in Part 
Il. The final rise of the commutating-pole copper (see 
equation 12) is the surface rise, calculated above, plus 
the insulation drop. Thus 


jae ty log ie 


Wh 

T, = 35.5/-+ SK, 
where the loss W = 1010 watts; insulation thickness 
(h) = 0.15in.; the cross-section of the insulation for 
heat flow S; = 1180 sq. in. and the thermal conductivity 
coefficient K, = 0.0025. Hence the continuous field 

copper rise T, = (85.5 + 51.5) = 87 deg. cent. 

The surface temperature rise of the coil as given 
in Fig. 3 is seen to rise abruptly after shut-down when 
the ventilation is reduced. It is due to the decreased 
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heat flow from the surface which results in a decrease 
in the temperature difference between the copper and 
the surface, in other words, the surface temperature 
must rise. The maximum point reached after shut- 
down will be somewhere between the copper tempera- 
ture and the running surface temperature. The exact 
value of this will depend upon the thickness of insula- 
tion, the relative thermal capacity of the copper and 
the insulation; and the ratio of the ventilation when 
running and at shut-down. It is thus seen that this 
temperature rise of the surface at shut-down is a transi- 
ent phenomenon and the temperature found by 
thermometer bears no fixed relation to the actual copper 
temperature for all conditions. 

The final rise of the armature copper 7’. above the 
iron (see equation 12) . 


Wh 
S,K, 


where the loss W = 1500 watts; the insulation thick- 
ness h = 0.10; surface S, = 2280sq.in. and the 
coefficient of thermal conductivity K, = 0.0025. This 
gives the copper rise above the iron of 26.3 deg. cent 
or a final copper rise of (26.3 + 35.5) 61.8 deg. cent. 
The heating curve of the armature copper. rise above 
the iron can be calculated from equation (10). Where 
(see equation: 13) 


ge Use as 
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T, and W are given above; the equivalent weight of 
copper P = 264lb. So that ¢, = 0.231. The tem- 
perature rise of the armature copper above the iron 
is shown in Fig. 3 plotted in dotted lines. The addi- 
tion of this to the average surface rise of the motor 
will give the heating curve of the armature copper. 
The air rise ; 
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W being the total motor loss; the factor (S.r K, 7.) 
being the loss dissipated from the frame. Substitution 
of these constants in the equation gives an air rise of 
13.4 deg. cent. Test value was 13 deg. cent. 
The following example will show how the temperature 
rise of a self-ventilated street car motor is calculated for 
a given cycle run. Given a 25-h.p. 600-volt, 37- 
ampere, d-c. motor to operate on the following cycle: 
(1) A r.m.s. current of 27 amperes for three 
hours, schedule speed of 10 mi. per hr. with 
26-in. diameter wheels and a gear ratio of 
13/74. 

2) 382-amperes for one hour; 

8 mi. per hr. 

27 amperes for two hours, schedule speed of 

10 mi. per hr. 

50 amperes for 30 minutes with a schedule 
speed of 6 mi. per hr. 


f haa 


schedule speed of 
(3) 
(4) 
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What will the operating temperatures of the arma- 
ture iron and copper be under the above cycle? 

In this case only the armature is considered. The 
loss is composed of the copper, iron and stray power, 
brush and one-half of the friction and windage loss. 
The following tabulation gives the value of the con- 
stants and final equation for obtaining the heating 
curves of the armature iron or core: 


Portion of Cycle......°...: 1 2 3 4 
JATUDOLES:... ck weenie cee 27 32 27 50 
IRs Tee aA, noo ono os oae 735 588 735 441 
Total armature loss (W)... 937 1056 937 2105 
Watts /deg. cent. of iron (see 

Bigs2) Wiitowste nce oe 2176 S32 LO 15.6 
Continuous core rise (7’-)... 43.3 56.5 43.3 135.4 
Weight of armature (P).... 200 lb. . 
Thermal time constant: 

ty SO AUG FEIN cet 0.556 0.642 0.556 0.770 
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Fie. 4—Herating Curve or ARMATURE IRON AND CopPpER 
25-h. p. 600-volt d-c. railway motor. 


With the above constants the heating curve can be 
plotted from equation (10) where 


t = 2.3 t, logiy gis ; 
T,— T, 
This curve is shown in Fig. 4 in solid lines. 

The following tabulation will give the constants 
for obtaining the hot-spot correction, that is the maxi- 
mum internal copper temperature rise above that 
measured by thermometers on the iron core. 


Portion of cycles. ..7, il 2 By Gt 
FAT DCLCS nnd eee eee 27 32 6 20, 50 
Imbedded cop. loss (W).. 241 3388 241 900 
Constant copper rise above iron (see equation 12): 


ep ML be 


S,K, 


Equivalent copper weight (P) = 45 Ib. 
Thermal time constant: 


10.8deg.cent. 15.1 10.8 40.8 
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Ong PT, value 

Reet (see equation 13) = 0.101 
With the above constants the heating curve giving the 
copper temperature rise above the iron can be found 
by using equation (10) where 


T,— T 
Ke <2' : 
3 th logic ites T, 
This curve is shown in dotted lines (Fig, 4). The 
addition of this curve to the heating curve obtained for 
the rise of the armature core will give the heating curve 
for the armature copper. 

Both Figs. 3 and 4 illustrate the fact that the 
armature copper on the average ventilated motor has 
comparatively little thermal capacity. It is seen that 
on loads of thirty minutes or more practically all of 


DEG, CENT. RISE 


Temperature rise in deg. cent. of field 
| copper for various percentages of the current 
at continuous ratin 


3 
HOURS 


Fig. 5—HratTine AND CooLING CURVES 


75-h. p. 600-volt d-c. railway motor. 
Separately ventilated. 


the copper loss is being transferred through the insula- 
tion. The thermometer measurements will not give 
this internal temperature, hence it is possible to find 
a safe temperature rise on a motor by thermometer with 
a certain load although the motor may be dangerously 
hot in the inaccessible parts. 

There is no doubt but that from the standpoint of 
weight and cost the modern ventilated railway motor 
has an inherent advantage over the totally enelosed 
motor. It has been shown that since the ventilated 
motor can get rid of more heat losses than the same 
motor enclosed it is possible to rate the motor higher. 
This increases the continuous rating without materially 
increasing the one-hour or overload rating. The effect 
of ventilation is to decrease the surface temperature 
and to increase the gradient between the copper and 
the surface temperature. When a ventilated motor is 
applied to an intermittent cycle such as found in 
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railway service, full advantage of the continuous rating 
cannot be taken since a margin in temperature is 
necessary in order to carry the heavy peak loads. 

With the heavy enclosed motors the ratio of the 
hour to the continuous rating is high so that the applica- 
tion of such a motor on the basis of the average r. m. s. 
current is generally’ safe. The inherent thermal 
capacity of the motor will usually take care of the 
peak loads. 

On the other hand the tendency of increasing the 
ventilation is to bring the continuous and the hour 
rating together. Hence the economical application 
of the modern high-speed ventilated motors must be 
made with more care, and the motors’ performance from 
a thermal standpoint on such applications should be 
known. ; 

The method of predetermining the temperatures of 
such motors on intermittent service as previously 
outlined based on actual tests at the continuous rating 
will give results safer and more accurate than the 
approximate method given in the Standards of the 
A. I. E. E. under Rule No. 5502. 

For standard motors, heating and cooling curves 
such as shown in Fig. 5 can be calculated which will 
facilitate the proper application of these motors. The 
solid lines are the heating curves at various loads, 
while the dash lines are the cooling curves either with 
no-load or with definite loads. The time origin can 
be shifted to suit the initial temperature conditions. 


CONCLUSIONS 


(1) The temperature limitation is the predomina- 
ting factor in railway motor application. This limita- 
tion is found in the maximum “hot-spot” temperature 
at the peak loads. 

(2) The armature copper Te relatively little 
thermal capacity which may result in high internal 
temperature gradients on short-time loads. 

(83) The ratio of the one-hour to the continuous 
rating approaches unity as the ventilation of the motor 
is increased. 

(4) The application of the ventilated motor on 
the basis of the average r.m.s. current to an inter- 
mittent duty is incorrect if the maximum internal 
temperature at the peak load is ignored. 

(5) It is the maximum internal temperature which 
first starts insulation failure. Hence motor ratings 
should be based upon this temperature and not upon 
the surface temperature as measured by thermometer. 

(6) There is no fixed relation connecting the internal 
maximum and the surface temperature as found by 
thermometers. This relation is affected by insulation 
thickness, degree of ventilation, duration and magnitude 
of load, together with size and accessibility of the motor 
windings. 

(7) Thermocouple measurements provide the best 
means for obtaining these maximum temperatures. 
These temperatures can be approximated from the 
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maximum hot resistance of the windings. However, 
the obtaining of these hot resistances requires very 
quick and accurate work. Either of the above methods 
requires special apparatus and the services of expert 
observers in service tests. 

It is obvious that the temperatures of a motor in 
service as obtained by thermometers may be so far 
from the maximum internal temperatures as to give 
* misleading results. 

Thermal characteristics of the motor, such as re- 


lation of thermometer to the thermocouple tempera-' 


tures, must be known for all degrees of load in order 
to estimate the internal temperatures from the ther- 
mometer readings. 

(8) The nominal rating as defined by the Standards 
of the A. I. E. E. and as applied to self-ventilated 
railway motors is a fictitious ‘rating since it specifies 
the run to be made under abnormal conditions of ven- 
tilation due to the removal of ventilating and com- 
mutator covers and due to the fact that the motor 
speed is usually higher than the average speed found 
in service. This has resulted in its being no longer a 
true measure of the motor’s thermal capacity. It is 
merely a measure of the motor’s overload capacity 
under the conditions given. 

It would be more logical to make this test under 
conditions of ventilation as used in service. 

The writer, however, believes that the original 
purpose of the one-hour run, that is a measurement 
of the motor’s thermal capacity, is essential and should 
be approximated as closely as possible. This can be 
done either by reducing the time of the run or by 
reducing the effect of the ventilation. 


Appendix 
PART I 
TEMPERATURE RISE OF ELECTRIC MACHINES 
ON CONTINUOUS AND SHORT-TIME DUTY 


Symbols. 

Let W = Total watts loss in motor or part considered. 
T,. = Final average surface rise deg. cent. on 

continuous duty. 

T, = Surface rise at end of time (t). 

= Time in hours the load is applied. 

. = Average surface rise at start of cycle. 

«a = Temperature rise of ventilating air deg. cent. 

Cubic feet of air per minute through the 

machine. 

= Cross-sectional area for air flow in sq. ft. 

= V/A = average air velocity through machine 
in ft./min. 

S, = External surface of machine in sq. in. 


S; = Internal ventilating surface of machine in 
sq. in. 


SBS SS ee 
I 


, = Heat flow from internal ventilating surface 
in watts/sq. in. /deg. cent. See Fig. 1. 
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K, = Heat dissipated from external surface in- 
watts/sq. in./deg. cent. Approximately 
0.018 when stationary. 
+ = Approximate ratio of external frame rise 
to the internal surface rise. 
P,, = Weight in pounds of active material. 
P; = Weight in pounds of inactive material. 
With a given load applied having a loss of (W) watts 
for a time (t) the following statement is true: 
Total Energy = stored energy + dissipated energy. (1) 
But (a) Total energy = Wt 
(b) Stored energy = 0.06 (P. + 7 Pi) (T:— Ts) 
Note: 0.06 is amount in watt-hours necessary to 
raise one pound of iron one deg. cent. peed on a 
specific heat of 0.1135. 
(ec) Dissipated energy 


’ t 
-{ S.Ker Tat + [ S;Ki(T,— T./2) at 
- 


0 
(d) But S;K,(T;-— T./2) = Te V/1.8 


= 0,555 T, V. 


Note: 0.555 is amount in watt-min., required to 
raise one cu. ft. of air one deg. cent. 
a Ape a God be 
Cashes Ler Tae, Sales 
(f) Substitute (e) in (c) dissipated energy 


t 
VS. K; 
= | 2.(s.rk. + tote 


Sapeeane (a) ¢b),vand (ft). i) 


jar 


% 


Wt. 06( Por PAT, =) (Ser kK, 


0 
VS.K, 
1 Ae peeg “ay ) Ted 


Taking the derivative of (2) with respect to t; 
ae + (Sirk 


Jr 


0 4) 


(2) 


W = 0.06 (P, + r P;) 
if VS;K; 

Vib 0.9.5..K; 
OC 0G (Pa ted be 


he cl (Ser K. at V ae ) 


(3) 


or 


V SLE, 
= Sir het ag oe 


0.06 (Pa ter Ps) a Te 
W-— DT, 


The integral of this equation is 
“0.06 (P, trP) dT; fa 


Let D 


Hence ns AT 


(5) 


W= DT, eo (6) 
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Fae <* 
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. sd 
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12 = 0.06 (P, fe 


Ts 0 
0.06 (P.+7rP,) W-DT, 
Cee Cn yop Ht Ga) 
7 iN! S21 OY Woe a lea al 
a OMY iim = 19 T, = @ 0.06(Pa +rP;) 
@ Qa ea 
WeDpT = €@  0.06(Pa +rP;) (7) 
| When ¢ = infinity T; = T. 
Hence W-—DT.=0 
“or To= W/D 
o W 
; VSiK: (8) 
Pe V0.0 S, K, 

: 0.06 (P. + r P;) 0.06 (P, Pike 
Let(, = "ete _ ee) 
Substitute (8) & (9) in (6a) ¢ = ¢, log. Bier t als (10) 

(Lf; a T:) 
or = 2.3%; logio an 
The above can also be expressed as 
Te: Te— (Te— T,) e-*/ (11) 


Where (e) is the Naperian base (2.718) 


PART II 

The above equations (10 or 11) will also apply to 
thejjheating of armature or field copper where the 
factors are defined as given below. A uniform cop- 
per temperature is assumed. 


W = Total imbedded copper loss. 
T, = Final copper rise above iron. 
T, = Copper rise above iron at time (f). 


t = Time in hours load is applied. 

T, = Copper rise above iron at start. 

Wh 12 
Where h = Insulation He eee inches. 


SS, = Mean slot periphery (q) X No. of slots X 
core length. 
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K, = Thermal Seay of malationt in watts/ 
in,/deg. cent. 


Varies ee 0.0025 to 0.0085. 


j gee 
i (13) 
When P = Equivalent pounds of copper of winding 


considered. 


= 0.382 (volume of copper + 1/4 volume of 


insulation! in cubic inches) 


For field winding the same terms are used except as 
noted below: 

W = Total field copper loss. 

7’. = Final copper rise above outside surface. 

T, = Copper rise above outside surface at time (¢). 

= Copper rise above outside surface at start. 
igen Length of mean coil turn x periphery (q) X 
No. of coils. 


Bibliography 


“Heating of Induction Motors,’ by Alexander Gray, Trans- 
actions of A. I. E. E. 1909. 

“Heat Paths in Electrical Machinery,” by H. D. Symonds 
and Miles Walker, Journal of I. EB. E. 1912. 

“Law of Heat Transmission in Electrical Machinery,’ by 
Irving Langmuir; Transactions of A. I. E. E. 1913. 

“Temperature Distribution in Hlectrical Machinery,” by 
B. G. Lamme, Transactions of A. I. E. H. 1916. 

“Internal Temperatures of A-C. Generators,” by 
Kelly, Transactions of A. J. E. E. 1917. 

“Determination of Efficiency of Turbo Alternator by Tem- 
perature Rise of Air Method,” by S. F. Barclay and 8, P. Smith, 
Journal of I. E. E. 1919. 

“Thermal Conductivities of Coil Wrappers; Eabya lo. Laylors 
Electrical World, Feb. 14, 1920. 

“Dissipation of Heat by Various Surfaces,” by T. S. Taylor, 
Journal of A. S. M. E. 1920. 

“Longitudinal and Transverse Heat Flow in Slot-Wound 
Armature Coils,’ by C. T. Fechheimer, Journat of A. I. HE. H. 
1921. 

“Temperature Rise with Short-Time Loads,” by R. H. Hell- 
mund, Electrical World, March 26, 1921. 


1. The factor 1/4isused since the insulation has approximately 
1/2 the thermal capacity of copper for the same volume and the 
insulation rise above its outside surface is 1/2 that of the copper. 
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A very thorough investigation of oxyacetylene 
welding and cutting blowpipes was conducted by the 
Bureau of Standards at the request of the War Depart- 
ment. Apparatus from 14 different manufacturers 
was submitted to test. This investigation is fully des- 
eribed in Technologic Paper No. 200 of the Bureau of 
Standards, for sale by the Superintendent of Documents 
Government Printing Office, Washington, D. C., at 
35c. per copy. 
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The object of this paper isto show on what factors the flashing tendency of synchronous converters depends, and how, 


on the broadest considerations, an improvement of their momentary overload characteristics can be obtained. 


From 


the interpretation of a number of oscillograms, and other experimental data, itis shown that a heavy load surge produces 
unbalanced armature reactions, resulting in abnormal voltage conditions on the commutation, which are in turn largely 
responsible for the flash. Synchronous stability, stability of commutating conditions, and means of choking down the 
flash, are the means enumerated by which the momentary overload capacity may be increased. 


URING the past few years, a noteworthy effort 
D has been made to improve the flashing and the 
momentary overload characteristics of 60-cycle, 
600-volt synchronous converters for railway service. 
This important work has covered a number of different 
phases of the problem and has been carried on by the 
various organizations keenly interested in its success. 
Some of these phases have been covered by articles 
and papers published from time to time, describing 
modifications of design and new methods of protection, 
while some of the less recent papers explain clearly 
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the very difficult design limitations existing in this type 
of machine. This literature is referred to in a limited 
bibliography appended hereto. In the present 
paper, however, it is intended to deal solely with the 
processes through which, as a chain of cause and effect, 
a primary cause leads up to a flash at the commutator. 
It is particularly important to have a knowledge of 
this, both to determine effective means of protection 
and to interpret the varied results of tests. 

There has been a tendency, it is thought, to consider 
the momentary overload capacity of a converter in 
too nearly the same terms as that of a direct-current 
generator. Actually the conditions existing in the 
two types of machines may be widely different from 
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each other. So long as the converter is operating 
under steady loads these differences may not be greatly 
apparent because the alternating and direct currents 
bear a practically constant relation to each other, and, 
since they may be considered to flow in opposite 
directions, the reactive effect is small—less than in 
any other machine except a fully compensated direct- 
current generator or motor. The type of overload 
which is dangerous to the operation of a converter is 
one which comes on as a heavy surge’ considerably 
above the overload setting of the circuit breaker 
protecting the machine and is consequently relieved 
in a sudden interruption after a sufficient period has 
elapsed to permit the circuit breaker to operate. In 
these circumstances, the internal balance of currents 
will be severely upset by transfers taking place between 
the energy of the rotating masses and the energy being 
converted directly in the armature; resulting in abnor- 
mal commutating conditions conducive to flashing. 
This action then becomes a factor in the overload 
limitation of the converter. On the other hand, in 
the case of a direct-current generator the same con- 
dition cannot occur; there is but one current in the 
armature windings and consequently it makes little 
or no difference whether the input energy is supplied 
from an external souree—a synchronous motor for 
example—or from the stored energy of its rotating 
armature. 


When a load is applied to a converter, there is a 
slight momentary drop in speed which results in a 
permanent phase displacement of the armature behind 
its position when running light; the displacement 
being, within certain limits, proportional to the load 
applied. This action is common to all synchronous 
machines and is produced by the combined effect of 
armature reactances and armature reaction. Although 
the algebraic sum of the alternating-current and the 
direct-current armature m.m. fs. when summed up 
over a pole-pitch may be shown to be roughly zero, a 
study of Fig. 1 will show that in particular points one 
may be in excess of the other. The direct-current 
m. m. f. is greater under the interpolar space where the 
reluctance is high, and the alternating-current m. m. f. 
under the main pole where the reluctance is much 
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lower. It thus happens that the alternating-current 
part of the resultant m.m.f. is the greater in its 
influence for reaction than the direct-current part. In 
addition to this, the resultant direct-current mine 
in the commutating zone is neutralized, or even e 
versed, by the excitation of the commutating-pole wind- 
ing. The total effect is an appreciable alternating cur- 
rent, or motor reaction, which distorts the main flux 
backward. The distortion is, naturally, much less than 
ina synchronous motor, but that it is quite perceptible 
is shown by Fig. 2, which is an actual field form mea- 


Pole | Pitch —-| 
T Direct 


Alternatin 
‘ Current : 
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Fie. 1—Armature M. M. F. Dracram For a SYNCHRONOUS 
CoNVERTER 


surement of a 300-kw. 25-cycle converter. It will be 
evident that the voltage generated between diametrical 
rings is no longer a maximum at the instant when 
the tap-coils pass beneath the direct-current brushes, 
but at a position on the commutator slightly to the 
rear, or in the direction against rotation. This point 
corresponds roughly to the phase displacement. 

In order to obtain direct quantitative measurements 
of this phase displacement, an oscillographic method 
was developed by which the internal phase relations 
could be determined. Briefly, the method consisted 
in recording two voltage waves; one, the voltage 


/| Rotation 


Fig. 2—ConvertTeR Fietp Forms 


applied across two collector rings, and the other, the 
voltage of an auxiliary machine rigidly connected to 
the converter armature. The voltage of the auxiliary 
machine corresponds to a voltage generated by the field 
winding of the converter alone, without any reactive 
effects and, therefore, the relative phase positions of 
the two recording voltage waves may be used to indi- 
eate the phase displacement of the converter armature. 
A very pronounced advantage of such a method is 
that it may be used for both stable and transient con- 
ditions of operation. 
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The phase displacements under various conditions 
of load were measured on a 500-kw., 60-cycle, 600-volt 
converter which was used extensively in all the work 
which these notes cover. It was not used exclusively, 
however, and the data obtained on it were supplemented 
to a considerable extent with more from larger machines. 
The phase displacement results of the 500-kw. con- 
verter are shown in Fig. 8. Under stable conditions 
of load, the results for beyond two and one-half times 
the rated load, unfortunately, had to be discarded be- 
cause a sufficient power supply could not be maintained 
to give steady values. The initial displacement of 
about one degree is due to the no-load losses ofthe 
converter and is, incidentally, purely the action of a 
synchronous motor. The full-load displacement of 
six electrical degrees is, as has already been stated, 
much less than for a corresponding synchronous motor— 
perhaps only one-fourth of it. To proceed with sucha 
comparison, a synchronous motor may be expected] to 
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drop out of synchronism at perhaps 2% times its 
normal load; whereas a converter will stand very much 
more, at least ten to twelve times its normal load in 
the converter referred to, while it may be argued that a 
mathematically ideal converter would never drop out 
of step for the reason that as the displacement approaches 
90 degrees, the voltage across the direct-current brushes 
would approach zero while the synchronizing torque 
approaches a maximum!. For practical converters 


1. When a synchronous machine connected to a source of 
constant voltage is placed under load, its rotor is angularly 
displaced by an amount depending upon the impedance drop 
in both the intervening circuit and in the machine itself. This 
displacement is a measure of the stability of the machine; 
the greater the displacement the less the stability. In a simple 
diagram, such as Fig. 4, where the resistance drop is neglected, 
it can be shown that the power flow is proportional to the area 
between the vectors H, and E,; and as this varies with the size 
of the included angle it will be consequently a maximum when 
the vectors are at right angles, as shown in the second diagram. 
In other words, this latter condition marks the limit of stable 
operation and beyond this point the machine will pull out of 
step. This limitation applies not only to the synchronous machin- 
ery but to combinations involving synchronous machinery 
transformers and transmission lines, etc. 
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howeyer, high internal losses and flashing will occur 
before this condition is reached, so that the actual 
torque will be largely independent of the output and 
will cause the converter to pull out of synchronism. 
The tests seem to indicate the displacement may reach 
a maximum value of 45 electrical degrees before 
trouble from flashing results. : 

It is, of course, to be understood that the value 
of phase displacement of other converters under normal 
load is not necessarily the six degrees cited above. 
This quantity depends upon the design of the particular 
machine involved. The stability of the converter 
used in these tests is appreciably greater than what is 
found in machines of larger ratings. It would be ex- 
pected, and is a fact, that many machines have a con- 
siderably larger displacement at their rated loads. 

A factor of considerable importance in the deter- 
mination of the overload capacity of a converter is 
the characteristics of the circuit supplying the power. 
The stability of a synchronous motor, for instance, 

will be sensibly decreased when operated from a cir- 


Full Load 


MaximumLoad (5 Times Normal) 


Fic. 4—RpactivE Voutace Drops In a CONVERTER AND 
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cuit of high reactance and the same thing is true of 
a converter, but to a greater degree because the small 
reactive effect of the converter itself forms a smaller 
fraction of the whole; and, conversely, the external 
reactance will form a greater fraction of the whole. 
For railway substation installations, where it is usual 
to install transformers with 15 per cent reactance, it 
will be expected that stability of the converter will 
be somewhat reduced. To be exact, the above value 
of reactance is not maintained on heavy overloads, 
due to the saturation of the leakage paths, but it will 
be relatively high to the point where the converter 
drops out of synchronism. Fig. 4 shows this effect 
quantitatively with very rough assumptions. It is 
assumed that external reactance amounts to a constant 
value of 1714 per cent while the converter displacement 
at normal load is six degrees. The second diagram 
shows that the maximum load which the converter 
could carry under these conditions would be about five 
times itsrated value. Since the external displacement is 
relatively greater than the phase displacement of the 
converter armature it therefore becomes largely re- 
sponsible for the machine dropping out of synchronism.! 

It is to be realized that such a diagram is necessarily 
very crude and that it can only serve to illustrate 
a point rather.than to give accurate data. Certain 
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factors which have been neglected may however lack 
the importance which might be given them at first 
sight. For example, the effect of the series field during 
such a transient period is not great because any ten- 
dency toward sudden changes in flux will be almost 
completely counteracted by current in the damper 
winding and shunt field winding for a longer time than 
it takes the converter to drop out of step. The effect 
of resistance in the alternating-current circuit will 
naturally be detrimental although it is usually so small 
that it is not important except under the heaviest loads. 

It follows from the preceding discussion that due 
to phase displacement in the converter and an addi- 
tional displacement in any external reactance, the 
armature takes up a definite phase position for each 
value of load applied and when a change of load occurs 
the armature must change its phase position to corre- 
spond, moving forward or backward (relatively), de- 
pending upon whether the load has been increased or 
decreased. If the change takes place gradually there 
will be no resulting disturbance, but if the load changes 
suddenly the internal balance of currents and reactions 
will be upset until such time as the armature will 
have settled into its stable position. When the arma- 
ture drops back, it delivers a portion of its rotational 
energy as output at the direct-current brushes which 
is in addition to the alternating-current input; when it 
moved forward, extra alternating-current power is 
required to accelerate it. In consequence of these 
actions, there is no set instantaneous relation between 
the alternating-current input and the direct-current 
output for a transient condition of load, for it will 
be modified by the rate and direction of energy transfer 
in the rotating masses. 

Hunting is the condition existing when the changes 
of displacement become oscillatory. In this case, 
the energy stored in the armature may be taken as 
fluctuating about a mean value represented by the 
energy at synchronous speed, and the magnitude of 
these fluctuations determines the severity of hunting. 
The relation between the alternating-current input 
and direct-current output, however, if summed up 
over an appreciable period is the same as that for the 
steady load condition. 

The sequence of action on.the application of load 
to a converter may be stated in somewhat the following 
manner: On the closing of the direct-current circuit, 
the current rises following the ordinary exponential 
law, being limited at the first instant by only the total 
inductance of the circuit. The rate of power increase 
during this period may be high, necessitating a corre- 
spondingly high rate of change of armature displace- 
ment. If the converter does not fall out of synchro- 
nism, the total displacement will be limited to a maxi- 
mum of less than 90 electrical degrees (see Note 1), but 
the time in which this movement takes place may be 
so short that the energy will be given up at a rate 
comparable to the coincidental output which means 
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that the converter will absorb a considerable part of the 
shock of the sudden load change and prevent it from 
passing into the alternating-current system. This 
cushioning effect may be achieved in severe cases 
however, only at the expense of a flash. Fig. 5 is ba 
oscillogram taken to show the effect of the application 
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This brief analysis gives a general idea of the power 
fluctuations under such circumstances ; but, while 
very interesting, it fails to ‘give a quantitative measure- 
ment of the displacement angles involved. To obtain 
these data, a series of tests was made while loads of 
various magnitudes were thrown on the converter, 
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and interruption of a heavy load on the 500-kw. 
converter. The alternating-current wave may be 
taken as a rough measure of the power input. The 


alternating current, it may be noted, rises at about 


one-half the rate of the direct current, and reaches a 
maximum value only after the direct current has 
begun to decrease. It eventually exceeds the corres- 
ponding value of direct current, which shows that the 
armature has begun to oscillate freely—that is, to 
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hunt. This effect is much more noticeable after the 
circuit breaker opens, when the indications of hunting 
are unmistakable. It is of interest to note that the 
point of minimum alternating-current input occurs 
about two cycles after the direct current has been 
completely interrupted, while at the point at which 
the direct current reaches zero the power required to 
accelerate the rotor is scaled at about double the 
rated input of the converter. 


the results of which are plotted in Fig. 3 where they 
can be compared with the corresponding displacements 
under steady load. The maximum transient displace- 
ment is the greater as is logical. The curve shows 
a tendency for the internal displacement not to in- 
crease beyond 45 electrical degrees which may be the 
actual case. 

The complete results of one test are combined in 
Fig. 6. The short-circuit current rose to a maximum 
value of about 91% times the normal value in 0.03 
second, and then decreased to about six times full- 
load current. This load is obviously too great to be 
maintained by the converter, but, if this had been 
possible, the final and stable value would have been 
between these two, though considerably nearer the 
lower one. The maximum angle of internal phase 
displacement recorded was 43 degrees which occurred 
roughly at the instant of minimum current. This is 
again indicative of oscillatory action. A distinction 
is made between total displacement and internal dis- 
placement; the former term applies to the amount 
by which the converter drops back into phase posi- 
tion behind the source of power, and thus is the 
result of the entire reactive drop between that source 
of power and the armature as well as that in the 
converter itself. It is this quantity which deter- 
mines the amount of rotational energy given up 
by the rotating parts. The internal displacement 
includes only that which is produced within the 
converter due to the effective armature reaction 
and reactance. One point which is worthy of note, 
and which came as a surprise, is the fact that the 
initial internal displacement is forward instead of back- 
ward as might be expected. This simply means 
that the external displacement due to line reactance, 
etc., increases faster than the armature can initially 
drop back. The total displacement is, of course, 
always backward. This short-circuit test approached 
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the limit of severity which could be thrown, on the 
converter without having it drop out of synchronism. 
An indication of this is the fact that the total displace- 
ment reached a value of 70 electrical degrees. As a 
matter of fact, it was only the very low value of external 
reactance which explains why the converter remained 
in synchronism at all at such a load. 

It might be noted in passing that the decrease of 
load current after the maximum value is reached is 
closely associated with the phenomenon of phase dis- 
placement; and, incidentally, the relation between the 
two was at first made use of to obtain quantitative 
measurements of internal displacement. With a con- 
stant sinusoidal voltage applied to the rings, the voltage 
across the direct-current brushes will drop with the 
cosine of the angle of displacement. If the load current 
were assumed to drop off also according to this same 
law, then the ratio of the current at the first dip to 
the maximum value will represent the internal displace- 
ment. That this assumption is more or less justified 
may be drawn from the comparison of curves of Fig. 3. 
In the case of another machine the agreement might 
not be so close, although the method ought to serve 
at least as a means of comparison between different 
tests on the same machine. 


The magnitude of the energy fluctuations in the ° 


converter during short circuits can be estimated from 
the inertia of its rotating masses and the data of Fig. 6. 
In this particular case, the energy given up by the arma- 
ture in the first 0.04 second was about 30,000 fi-lb., 
and at a maximum rate of 1250 kw. This is about two 
and one-half times the rated capacity of the machine and 
amounts to about 50 per cent of the actual output 
during this period. These figures, therefore, agree 
with the conclusions drawn from Fig. 5, and serve to 
demonstrate the fact that the fluctuations of energy 
which disturb the balance of the reactors are severe. 
These figures may also be used as a means of showing 
the resultant effect on commutation. Assume that 
the instantaneous ratio of output to input is 2:1; 
the m.m.f. acting in the commutating zone instead 
of being the 10 per cent of Fig. 1 becomes 55 per cent 
of the full direct-current armature ampere turns and 
if, as was formerly quite usual, the commutating-pole 
ampere turns amount to only about 40 per cent of this 
same value, there will be a negative m.m.f. of 15 
per cent to produce a flux in the reverse direction. 
Under such conditions it would be much better for the 
converter if the commutating poles were removed. 


The obvious way to reduce the amount of trouble 
from this source is to increase the magnetic strength 
of the commutating pole in relation to the armature 
until it becomes comparable to that of a direct-current 
generator. If this be done, the extra ampere turns 
under normal operating conditions will be used up in 
a greatly increased reluctance of the commutating 
pole, while under load surges they will prevent the 
commutating-pole flux from becoming greatly decreased 
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(relatively) or reversed. This arrangement has become 
known as a high-reluctance commutating pole, the 
reluctance being obtained by placing non-magnetic 
material (which includes air) in the magnetic cireuit 
of the pole. If the strength be increased to 100 per 
cent, for instance, the conditions referred to above be- 
come as follows: In the case of stable operation, 10 per 
cent of the total m. m. f. is utilized in neutralizing the 
resultant m.m.f. of the armature and the remaining 
90 per cent in overcoming the reluctance of the mag- 
netic circuit. In the case of the assumed surge, 55 per 
cent neutralizing m.m.f. is required, leaving 45 per 
cent to produce the commutating flux which means 
that the latter will be one-half of what it would be 
under the corresponding stable condition. 

These rough calculations have been verified experi- 
mentally, using the same converter as in the former 
tests furnished with high-reluctance commutating 
poles of approximately 100 per cent strength. The 
data obtained are plotted in Fig. 7. The flux changes 
were recorded by an oscillograph connected to search 
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coils in the commutating zone. The flux harmonies are 
large under short-circuit conditions, so that to reduce 
the possibility of error from this cause two oscillograms 
were used to produce the one composite curve. As 
there was no pronounced difference between the separ- 
ate curves, it is probable that the result is reasonably 
accurate. The ordinates of flux and current have been 
made to coincide for purposes of comparison. 

The phenomena following the interruption of a 
heavy load are equally important to those of an increas- 
ing surge. It has already been mentioned in connec- 
tion with Fig. 5 that when the direct current was 
completely interrupted the alternating current still 
amounted to double its rated value. At thst me there 
were no other m.m. fs. acting in the commutating 
zone, and the only obstruction to the passage of flux 
was the reluctance of the magnetic circuit. The econdi- 
tion corresponds to a_ strongly over-compensating 
commutating pole? and tends to occur on all occasions 
when the load is suddenly reduced. 

In Fig. 7, the period intervening between 0.01 to 
0.02 second is one of over-compensation due to the 
sudden operation of the circuit breaker. The excess 

2. The alternating-current m.m.f. of the armature acts 


in the same direction as the m. m.f. of, the commutating-pole 
series winding. 
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ate is not great for the armature was never displaced 
Ay great extent, and therefore required little 
accelerating current. ; 
eee Gong to the results of Fig. 5, it is possible 
na gh estimate of the flux produced by the 
unbalanced armature current at the interruption of 
the direct-current circuit on the same basis as those 
already made. Assuming then the alternating current 
to be double the rated value and a commutating pole 
of 40 per cent of armature strength, the commutating 
flux will tend to increase to a maximum value of between 
five and six times that at normal load and will, natur- 
ally, generate high voltages under the brush. If a 
high-reluctance commutating pole of 100 per cent 
strength is supplied to the converter, the corresponding 
flux will tend to be only about double the normal value 
at full load. The pronounced advantage of the 
high-reluctance commutating pole for the condition of 
quickly decreasing loads is, therefore, also evident. 
It might be remarked parenthetically that there is a 
practical limit to which the increase of reluctance of the 
commutating pole may be carried. This comprises 
only one of the possible paths for the flux (others being 
slot leakage etc.), so that when the reluctance of the 
commutating-pole circuit become: relatively high 
compared to that of the other paths, the practical 
limit is reached. The constructional difficulties, of 
course, increase with the reluctance. 

The amount of energy unbalance under transient 
conditions of load is a measure of the combined effect 
of several factors which may be conveniently grouped 
under two headings: First, the extent of change and the 
rate of change of the load; and second, the relation 
between the moment of inertia of the rotating element 
and the electrodynamic stability between the converter 
and its source of power. The 500-kw. converter used 
particularly for these tests was one of low moment of 
inertia and high stability at its rated load due to the 
design limitations for this type of machine. As a 
consequence, the overload capacity under both stable 
and transient loads was exceptionally high. Con- 
verters of greater ratings are not so fortunate in this 
respect; their inertia is relatively greater and their 
stability less. The data submitted here, therefore, 
cannot be taken to apply indiscriminately to all classes 
of machines but must be modified to suit the design 
proportions for individual cases. The test represented 
by Fig. 6 for instance, showed that the 500-kw. con- 
verter used will carry 914 times its rated load without 
dropping out of step or flashing. This cannot be con- 
sidered a representative figure, by any means, for 
converters in general, and in addition to this the same 
converter when operated from high-reactance trans- 
formers would not have this overload capacity. 

Up to the present point, the converter has been 
dealt with as a piece of synchronous apparatus entirely, 
particular attention having been paid to the character 
of reactions resulting from transient load conditions. 
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The phenomenon of flashing itself is a characteristic 
of commutating machinery; therefore to show the 
relation between these reactions and the flashing which 
may result the converter must be dealt with as a 
commutating machine. From a careful examination 
of the available data in the form of oscillograms, high- 
speed photographs, ete., the immediate causes leading 
up to a flash-over were ascertained to be in the majority 
of cases as follows: Sparking under the brushes occurs 
with heavy overloads in all commutating machinery 
and is due partly to the heavy currents flowing across 
the brush contact surfaces, but more to the imperfect 
compensation of inductive voltages generated in the 
short-circuit coils effected by the excitation of the 
commutating pole. Sparking will naturally precede a 
flash, even though perhaps only for a few thousandths of 
a second. It produces ionization of the atmosphere 
at the surface of the commutator which decreases 
the ability of the converter to resist the first formation 
of an arc. In nearly every case capable of investiga- 
tion, the flash developed through the sparking at the 
brushes being drawn out asthe commutator bars receded 
from the brush until the are extended through an entire 
pole-pitch. When this occurs and the arc is between 
brush arms of opposite polarity, or between brush 
arm and ground, the flash may be considered completely 
developed. Experience with electric welding has shown 
that 20 volts are sufficient to maintain an arc, and 
although conditions are somewhat different on the 
commutator, the presence of ionized gases due to 
sparking is favorable to the initiation of an arc, and 
the above voltage or probably a higher value indicates 
the magnitude necessary for flashing. If the above 
conclusions be generally correct, it means that the 
voltage conditions and distribution over the com- 
mutator, in particular directly ahead of the brushes, 
7. e., in the direction of rotation, are critical for the 
propagation of an are and the development of a flash. 

It has been generally appreciated that a converter 
is far more liable to flash on the opening of the circuit 
breaker than at the point of maximum current. An 
investigation of the voltage distribution over the 
commutator under the two conditions—that of increas- 
ing loads, and that of decreasing loads—gives the 
explanation for this. Take the case of a non-com- 
mutating-pole, direct-current machine; here, when 
loaded, the neutral shifts forward for a generator, and 
backward for a motor, as is evidenced by the necessity 
for the shifting of the brushes. In the case of the 
converter when hunting takes place, very much the 
same thing is true; the fluctuations of energy in the 
rotating element represent unbalanced motor or genera- 
tor reactions and the neutral swings backward or 
forward of the brush as the machine oscillates in phase 
position. This effect is plainly observable from the 
sparking under the brushes which will rise and subside 
with each oscillation. When the generator reaction is 
in excess and the neutral is ahead of the brushes, the 
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voltage between a brush and a receding bar is of oppo- 
site polarity from normal until the bar is somewhat past 
the neutral. It is evident that there is no voltage 
between the brush holder and the commutator capable 
of propagating an arc forward until after the bar has 
reached a point where the voltage has risen to an appre- 
ciable value in a positive direction, and as this point 
may be an inch or more from the brush on the com- 
mutator surface, the conditions are very unfavorable 
for production of a flash. 

In the case of an excess motor reaction, the neutral 
has moved backward and the bar, on passing the4rush, 
is moving into a field of steadily increasing intensity, 
and the voltage gradient over the commutator directly 
in front of the brush may be much higher than it 
normally is. A critical voltage, which is readily able 
to carry the are forward to the next brush arm, may 
exist on the commutator almost at the brush itself, 
‘ and thus the danger of flashing is imminent. 
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To present this condition in a more definite manner, 
Fig. 8, which gives several calculated field forms of a 
converter, has been included. The field forms are 
drawn up for four different conditions of load, which are, 
referring to the numbers on the curves: (2) at no-load, 


(3) under a stable load condition, (4) under load with - 


excess motor reaction, (1) under load with excess 
generator reaction. The same output has been assumed 
in each of these last three cases to allow direct com- 
parison; the difference of field form being produced, 
therefore, by the transfers of rotational energy causing 
unbalanced reactions. 

The changes of flux in the commutating zone between 
the conditions (1), (3) and (4) are quite marked, al- 
though the flux for proper compensation should be 
the same in each case. The corresponding shifts of 
the neutral are equally pronounced. If, for instance, 
the converter were hunting with sufficient severity to 
produce the unbalanced reactions of this figure, the 
neutral would swing between the two extremes (1) 
and (4) with each oscillation. 
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The inset voltage curves refer to the voltage differ- 
ence between the heel of a brush and a commutator 
bar, as it moves forward. They represent in a way 
the relative tendencies toward flashing for the condi- 
tions of operation assumed. At no-load this voltage 
at the point marked “pilot-brush” is given as 12 volts, 
which corresponds to that actually measured on the 
converter. Under the stable load, this voltage is in- 
creased only slightly. The same load, while increasing, 
produces a voltage of — 3 volts at this point, and while 
decreasing .+ 30 volts. The significance of these 
voltages may be inferred from the consideration that 
if 25 volts are required to maintain an arc on the com- 
mutator, in the former case no such voltage will exist 
on the commutator until the bar has receded a con- 
siderable distance from the brush, and it is unlikely 
that an are will be propagated forward. In the latter 
case, a critical voltage may exist almost at the heel of 
the brush, and the conditions are entirely in favor 
of the propagation of a flash. It may be said, therefore, 
that during a period of increasing load a converter is in a 
sense self-protecting against a serious flash; but that 
when a load is suddenly decreased, as when a circuit 
breaker opens, a flash is much more likely to occur, a 
conclusion thoroughly borne out by experience. 

In order to obtain some direct information on this 
particular action, a number of short-circuit tests 
was made on the converter having a small pilot-brush 
located on the commutator at the point indicated in 
Fig.8. By this means, the voltages in the commutating 
zone, critical from the standpoint of flashing, were 
measured under various transient conditions and the 
results form a striking confirmation of the theory out- 
lined above. In Fig. 5, the upper line is a record of 
this voltage. Before the application of the short 
circuit this ‘‘pilot-brush voltage’ was about 12 volts, 
but during the sudden increase of load it dropped 
slightly below zero, meaning that the neutral had swung 
forward. Under the steady load condition, it rose to 
nearly 50 volts above zero, indicating that the neutral 
was permanently displaced backward. At the open- 
ing of the circuit breaker, the voltage exceeded 100, 
indicating that the decreasing load forced the neutral 
backward although the armature itself was being 
accelerated forward. Unfortunately, the oscillogram 
ended just as a period of free oscillation was beginning, 
although the commencement of the characteristic 
indications are evident. 

Fig. 9 is a somewhat similar oscillogram but taken 
during a much heavier short circuit. The current 
reached a value of 9750 amperes or about 1114 times 
normal value and the effects are, therefore, sufficiently 
pronounced to repay a rather detailed study, through 
which a relatively complete history of the internal 
actions during the test may be traced. The negative 
pilot-brush voltage indicates the release of stored rota- 
tional energy as in Fig. 5, but at a higher rate for the 
voltage here drops to 80-90 volts. This is sufficient 
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to convert the sparking at the brushes into a flash 


which is indicated by the dip in the current wave. 


However, as the position of the neutral was far forward 
the flash was not propagated to the next brush cK 
and it existed more in the form of a momentary ‘‘spit’’ 
of considerable severity. As the neutral receded 
backward with the increase of phase displacement 
the voltage initiating the flash decreased to a point 
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m excess of anything which might reasonably be ex- 
pected of the converter. To permit this performance, 
the apparatus used included several special features. 
The converter itself was furnished with high reluctance 
commutating poles, such as have already been referred 
to. Flash-guards were placed on either side of the 
direct-current brush arms to insulate the brush holders 
from conducting gases, and a special ‘arrangement of 
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where this flash stopped entirely (where the current 
dip ends). The transition to the stable condition was 
never completed in this phase of the test, for the circuit 
breaker opened while the armature was still moving 
backward. At the interruption of the direct-current 
circuit, the pilot-brush voltage rose immediately to a 
maximum value of perhaps 120 volts, which repre- 
sents a greatly aggravated case of (4) of Fig. 8. At 
this point the converter flashed the second time but 
with the reversed voltage conditions on the commutator 
and as there was nothing to stay the progress of the 
flash, it progressed completely to the next brush arm 
where it would have developed seriously had it not 
been for flash guards supplied to the forward side of 
thé brush holders which isolated the are on the moving 
surface of the commutator. This effect greatly limited 
the severity of the flash and choked down the amount 
of power expended, so that the armature was allowed 
to move forward in phase displacement. Thereupon, 
the unbalanced reaction dropped in value and the neu- 
tral approached its normal position again. This pro- 
ceeding cut off the means whereby the flash was 
continually being propagated forward and the are 
naturally died out. The beginning of the regular 
descent of the pilot-brush voltage, in Fig. 9, indicates 
the cessation of flashing. This second flash was of 
rather short duration as well as the first. If the flash 
had reached some unguarded point of opposite poten- 
tial, as would have been the case without the protection 
of flash guards, it would have been necessary to shut 
down the machine to kill the are and protect it from 
serious injury. 

This test fairly exemplifies the principles advanced 
in the previous part of this paper. It represents 
as well, a service of extreme severity and considerably 
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brush-holder cross-connections was used to control the 
flash to a certain extent. The transformers used were 
of lower reactance to reduce the external impedance 
to a minimum. “The circuit breaker was set for a 
slightly higher speed than would ordinarily have been 
considered necessary so that it might operate before 
the armature had reached its maximum displacement. 
This was essential to prevent the converter from drop- 
ping out of synchronism on extreme momentary over- 
loads. The circuit breaker actually began to open in 
0.06 second while the maximum displacement occurred 
in the neighborhood of 0.08 second. It may be ob- 
served that the circuit breaker did not completely 
open the direct-current circuit in this test; this is 
because a resistor had been connected across its contacts 
for previous tests, but there is no particular significance 
of it in the present connection. This general arrange- 
ment, however, tends to reduce the probability of 
flashing. 

This short-circuit test did no injury to the converter 
beyond a certain amount of erosion of the brush surfaces 
caused by the heavy load current and circulating current 
in the brushes. The machine was not shut down 
and it was found practicable to place it under load 
again immediately, although not toitsfullrated capacity 
until the brush surface conditions had become some- 
what improved. 

Two more tests taken under a different condition 
will be referred to. For these tests, the converter 


was protected by a high-speed circuit breaker by which 


is meant one which will completely operate within 
0.01 of a second. Fig. 7, although not quite typical 
on account of the time of operation being slow, shows 
the characteristic current curve very plainly. By 
making a comparison between this figure and Fig. 6 
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on a time basis, it may be noted that the initial rates 
of current rise are not widely different so that the 
displacements for the two tests may be assumed to 
correspond with the same accuracy. With the current 
limited to a time of 0.006 or 0.007 of a second the re- 
sulting displacement must be very small; and in fact 
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flash on the commutator. To compress the phenome- 
non within the limited time, the high-speed circuit 
breaker was used with certain modifications to perm: 
the formation of a flash. The exposures are num- 
bered consecutively 1, 2, 8, etc. and are taken 
0.001 of a second apart. From comparing these 
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the internal displacement of the converter will be for- 
ward, as has been independently verified. In order 
that an idea may be gained of the transient phenomena 
involved Fig. 10 is referred to. The test shown here 
duplicates that of Fig. 7 except that different quan- 
tities were recorded. The fluctuatiéns of both alter- 
nating current and of the pilot-brush voltage are so 
small that it is evident that the great speed of the circuit 
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breaker forestalls any pronounced internal disturbance. 
Both of these tests represent dead short circuits thrown 
on the converter, demonstrating that complete protec- 
tion may be obtained in this manner. Fig. 11 is 
reproduced from a photograph taken during one of 
these tests. 

Fig. 12isfrom a multi-exposure photograph taken with 
a high-speed camera’ to study the development of a 


3. J. Legg. The Polar Multi-Exposure High-Speed Camera, 
Electric Journal, December, 1919. 


exposures with the oscillogram taken,on the same 
occasion, exposure No. 6 is found to occur at the 
instant of maximum current, which was 8200 amperes. 
Up to this point, it may be noted that the flash did 
not develop beyond the category of a severe spit; 
at the sudden opening of the circuit breaker, however, 
the following exposures 7, 8 and 9 show sudden expan- 
sion forward of the flash which takes place at even a 
faster rate than the motion of the commutator itself. 
These photographs, which record the actual state and 
confines of a flash at successive intervals over a period 
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of rise and decay of load current, form an important 
support to the conclusions regarding the propagation of 
an are under these two conditions, as set forth in some 
of the foregoing paragraphs. 


The principles set forth in this paper showing the 
very intimate connection between the synchronous 
action of a converter and the flashing at the commutator 
are the outcome of a’series of tests extending over 
several years and a careful analysis of all available data 
whether derived from these tests or from other sources. 
It is believed that the conclusions are substantially 
correct and that they can be used to cover other similar 
phases of the problem not mentioned here. By apply- 
ing these principles to the problem of increasing the 
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momentary overload capacity of converters, the follow- 
ing main lines of progress are suggested: 

(1) The improvement of synchronous character- 
istics of the converter installation to obtain high stabil- 
ity and the reduction of the moment of inertia of the 
rotating masses of the converter. 

(2) The reduction of the effectiveness of the 

unbalanced reactions in producing high voltages in 
the commutating zone. (High-reluctance commutat- 
ing poles are an instance of this). 

(3) The prevention of the complete propagation 
or culmination of the are by the insulation of conducting 
parts around the commutator by means of flash-guards 
and other devices. 

(4) The limitation, by external means, of the 
maximum severity of the surges thrown on the machine. 
(In which might be included the high-speed circuit 
breaker). - 

These principles have been utilized in devising suit- 
able means of improving the characteristics of com- 
mercial types of 60-cycle railway synchronous con- 
verters with the result that they have proved them- 
selves much superior to their predecessors. 
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RADIO DIRECTION FINDER 
The U. 8. Department of Commerce has developed a 
system of radio direction finding to be applied to navi- 
gation, in which the direction finder is located on 
board ship and receives signals transmitted from a 
radio station on shore. This development has been 
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carried on by the Bureau of Standards and:the Bureau 
of Lighthouses in cooperation. Three radio trans- 
mitting stations have been established on lightvessels 
and lighthouses at the approaches to New York’ 
Harbor, and a fourth is in process of installation on San 
Francisco Lightvessel. The three stations in commis- 
sion have been giving very satisfactory service. 

The location of the direction finder on board ship 
instead of on shore has a number of advantages of 
which some of the more important are: The navi- 
gator of the ship can himself take the radio bearings, 
position can be determined promptly, and béarings 
taken as often as desired. 

The radio direction finder is particularly useful in 
times of fog or poor visibility, and in case of shipwreck 
may be the means of saving many lives. 

The Bureau of Standards has made studies of radio 
direction finding apparatus, extending over the past 
nine years. One important consideration which has 
received careful attention is the distortion effects 
which may result from the presence of adjacent objects, 
such as a ship, and methods of eliminating errors 
which such distortions may cause in observed radio 
bearings. The radio direction finder on board ship 
may be calibrated just as is the ship’s magnetic compass. 

A common type of direction finder for installation 
on shipboard consists of a coil of ten turns of insulated 
copper wire wound on a wooden frame four feet square, 
mounted so that it may be rotated about a vertical 
axis. The radio direction finder as used by the De- 
partment of Commerce involves a number of unique 
features. It is designed to be installed over the ship’s 
binnacle carrying the magnetic compass card, on which 
the radio bearings are read directly. An additional 
scale is attached to the top of the binnacle and marked 
with the corrections obtained by calibrating the radio 
direction finder. By these means the radio bearings 
are obtained in a simple and direct manner, the only 
operations necessary being the adjustment in the radio 
receiving set and the rotating of the direction finder coil. 

The Bureau of Standards has recently issued a 
publication describing this system of direction finding. 
Illustrations are given of a radio direction finder of 
the type mentioned above installed on the pilot house 
of a lighthouse tender. Actual courses are shown which 
were run by means of radio bearings taken by the 
ship’s navigator, on the three beacons at the approaches 
to New York Harbor. The paper deals briefly with 
the principles of the operation of the direction finder, 
but it is primarily concerned with its practical applica- 
tion and the development which has made possible a 
device sufficiently simple and accurate for use as an 
aid to navigation. Every person connected with radio 
or with navigation will find this paper of considerable 
interest. It is known as Bureau of Standards Scientific 
Paper No. 428, “The Radio Direction Finder and Its 
Application to Navigation.” 
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The system discussed in this paper includes three single-core continuously loaded submarine cables, each of which 
provides, in addition to a telephone channel, direct-current and carrier-current duplex telegraph channels. A saoiebe 
tion is given of the design and construction of the cables, of the method of superposing the various channels on eac 


cable and of the terminal apparatus used for their operation. 


N April 11, 1921, commercial telephone service 
was inaugurated between the United States and 
Cuba over three submarine cables laid across 
the Florida Straits between Key West, Florida and 
Havana, Cuba. These submarine cables are the long- 
est and most deeply submerged which are in use for 


gs 


phone Company, for the purpose of providing tele- 
phone facilities between the United States and Cuba 
which would be suitable for connecting the telephone 
toll lines in the two countries. 

The design of the submarine cables and the associated 
terminal equipment differs from previous systems 
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telephonic communication. They are from 100.2 
to 104.9 nautical miles (186 to 195 km.) in length and 
are laid in water which for a part of the route is about 
1000 fathoms (1830 m.) in depth. 

The location of these cables and some of the import- 
ant toll lines in the United States and Cuba are shown 
in Fig. 1. The cables were installed by the Cuban- 
American Telephone and Telegraph Company, an 
organization formed -in 1919 by the American Tele- 
phone and Telegraph Company and the Cuban Tele- 


Presented at the 10th Midwinter Convention’ of the A. TI. E. E., 
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because of the service which is furnished, the depth 
of water in which the cables are laid, and the length of 
the cables. The general features of this system will be 
indicated by the following summary of the require- 
ments and the means which have been employed to meet 
them. 


To give the service desired over these cables, it was 
necessary that the telephone channels be suitable for 
use in circuits connecting points in the United States, 
such as New York and Chicago, 1557 and 2453 miles 
(2510 and 3940km.) distant from Key West, with 
Havana and other points in Cuba, which is about 
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that the cables furnish, simultaneously with the tele- 
phone, a number of telegraph channels. These are 
‘provided partly by direct-current channels and partly 
by carrier-current channels! using frequencies above the 
telephone range. 

Because of the depth of water and other conditions, 
the cables are of the single-core type, generally used 
for deep sea submarine telegraphy in which the 
return path of the circuit is through the sea. An 
important modification of this type has been made for 
these cables in order to make the circuits more suitable 
for telephone and carrier use. This consists in sur- 
rounding the insulation of the central conductor with a 
wrapping of copper tapes forming an uninsulated return 
conductor. 

In order to obtain the necessary efficiency for the 
telephone channels over cables of this length, the cables 
are “loaded,” that is, the inductance of the circuit is 
increased by the use of iron, and vacuum-tube repeaters? 
are used at the terminals for all connections over the 
cables. 

To provide the desired services, required, in addi- 
tion to laying the submarine cables, the extension in 
the United States of suitable toll lines to Key West and 
the installation of vacuum-tube repeaters in the Cuban 
toll lines. 

GENERAL DESIGN OF SYSTEM 


The construction of an open-wire land line along the 
causeway of the Florida East Coast Railroad which 
connects the string of small islands off the southern end 
of Florida, made it possible to land the cables at Key 
West and thus materially reduce their length. The 
landing points of the cables are on the western side of 
the entrance to the harbor of Havana and the southern 
side of the Island of Key West. This point in Havana 
is about a mile (1.6 km.) from the telephone toll office 
and that in Key West an equal distance from the exist- 
ing telephone office. The distances from the cable 
landing points to the telephone terminal offices were 
kept as short as practicable in order to reduce the 
possibilities of interference from power circuits. 

- The water in the Florida Straits, starting from Key 
West, increases gradually in depth. Five miles (9.3 
km.) from shore it is about 40 feet (12.2 m.) deep, at 
15 miles (27.8 km.) about 700 feet (214 m.), and at 35 
miles (65 km.) about 3000 feet. (915m.) From that 
point on to within about three miles (5.6 km.) of 
Havana it is from 3000 feet (915m.) to 6000 feet 
(1830 m.) in depth, being about a mile (1.86 km.) deep 
within five miles (9.3 km.) of Hayana. These depths 
of water eliminated from consideration the use of a 
paper-insulated cable such as is commonly employed 
for telephone purposes on land or in shallow water. 


1. Colpitts and Blackwell, “Carrier Current Telephony and 
Telegraphy” Journat A. I. E. E., April, May and June, 1921. 

2. Gherardi and Jewett, ‘‘Telephone Repeaters” A. I. E. E. 
TRANS., pp. 1287 to 1345, 1919. 
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The most suitable construction for great depths is the 
submarine telegraph type of cab’e with an insulation 
of gutta-percha or similar material. 

Previous gutta-percha or rubber-insulated submarine 
telephone cables have, in general, contained four cores 
arranged to provide three and sometimes four tele- 
phone circuits. Two of these circuits, the “physicals,” 
have been obtained directly from the two pairs of wires, 
one superposed circuit, the ‘phantom, has been 
obtained from the two wires of each pair in parallel and 
in some cases a second superposed circuit has been 
formed by the four wires in para lel with a sea return. 
There was considerable question, however, in this 
case whether a cable of this type could be sufficiently 
well balanced to keep the cross-talk between the two 
superposed circuits and the physical circuits low enough 
to permit of their simultaneous operation with the 
required amplifications. 

In comparing the four-core cable with a system con- 
sisting of three single-core cables, the following factors 
were important: First, the cross-talk factor; second, 
the lack of any experience with laying and repairing 
four-core cables in water of these depths; third, the 
relative cost of the two systems; and fourth, the 
superiority of the single-core cables from the important 
standpoint of insuring continuity of service, at least 
for an initial installation of cables. A consideration of 
all these factors led to the adoption of single-core cables 
for this case. 

The inductance of a circuit may be increased by the 
periodic insertion of loading coils, or by “continuous” 
loading, which is the wrapping of iron wire or tape 
around the conductor. Because of the depths of water 
involved, the use of loading coils was impracticable. 
The placing of such coils in a cable causes, at the points 
of insertion, changes in the size and construction of the 
cable which are sources of weakness, both in connection 
with the stresses imposed on the cable in laying and 
repairing and also because of the necessity of making 
the cable resist the penetration of water, which at the 
deepest point reaches a pressure of over a ton per 
square inch (140 kg. per sq.cm.). The use of continu- 
ous loading for these conditions is advantageous not 
only mechanically in that it gives a uniform structure 
but also from the standpoint of keeping the terminal 
impedance of the cable uniform over the range of 
frequencies to be used. In repairing a coil-loaded 
cable in deep water it is practically impossible to main- 
tain the regular spacing of the coils which is necessary 
for this uniformity of impedance. This uniformity is 
important in obtaining the close balance between the 
impedance of the cable and that of a network of imped- 
ance elements which is required for the two-way opera- 
tion of amplifiers on the circuit. 

These cables were planned to provide New York- 
Havana connections for which a transmission equivalent 
of under fifteen miles of standard cable (cable having 
resistance of 88 ohms and capacity of 0.054 microfarad 
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per loop mile) was desired. Since the operating equiva- 
lent of the New York-Key West portion of the circuit 
is about ten miles, the sum of the amplifications applied 
at the terminals of the cable must be within five miles 
of its equivalent. It was estimated that practicable 
cables could be obtained which would have transmission 
equivalents of about 25 miles of standard cable. This 
required that the amplifications at the terminals should 
average about ten miles. As the interference produced 
on such a cable by power systems, by other com- 
munication systems, and by natural disturbances and 
the cross-talk between the cables themselves are 
amplified also, the requirements for these factors were 
correspondingly more exacting. . 

To reduce the interference at the terminals of the 
cables from local power circuits, two-wire metallic 
circuits are used from the telephone offices to the 
landing points and the submarine cables are connected 
to the land lines through transformers so that these lines 
are balanced to ground. The operation of direct- 
current telegraph over the cables requires, however, 
that connections be arranged for carrying these tele- 
graph channels around the transformers. 


OPERATION OF SINGLE-CORE CONTINUOUSLY LOADED 
CABLES 


The preliminary studies of the results to be expected 
with a loaded “grounded” cable circuit arranged for 
simultaneous telephone and _ telegraph operation 
indicated that satisfactory operation was dependent 
upon a number of factors regarding which little informa- 
tion was available. These included the effect of the 
sea return on the attenuation for alternating currents, 
the interference from natural electrical disturbances 
and from power systems at the terminals, the induc- 
tion between cables and the interaction between cur- 
rents of different frequencies resulting from their 
superposed fields in the iron used for loading.’ 

The effect of the sea return for the single-core cables 
used for submarine telegraphy has not been serious 
because it is practically negligible for the low frequencies 
involved. For direct currents, the cross-section of the 
return path is very large and its resistance low, even 
though the specific resistance of sea water is relatively 
high, of the order of ten million times as great as that 
of copper. For alternating currents, however, the 
return currents crowd in near the cable and the resist- 
ance of the return path is higher. This crowding 
effect of the return currents increases with frequency 
and consequently the resistance of the return path 
becomes greater. For frequencies in and above the 
telephone range the return currents are forced into the 
steel armor wires around the cable and into the layer 
of water just outside of the insulation. The small 
effective cross-section of the water involved and the 
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losses in the armor wires cause the resistance of the 
return path to become a large part of the total resistance 
of the circuit and thus to have a large influence on the 
attenuation. The results of a few measurements of the 
sea return resistance for telephone frequencies, which 
had been made by British and French engineers, were 
published‘ in 1918 in an article discussing the factors 
involved in the use of single-core cables for telephony. 
In connection with the plans for the Key West- 
Havana cables, a theoretical investigation® was made 
to determine how the resistance of the sea return is 
affected by the dimensions and construction of the 
cables and how it varies with frequency. This work 
in addition to giving a basis for investigating the effect 
of the dimensions of the cable and of the number and 
size of armor wires on the resistance of the sea return, 
made possible also the determination of the effect of a 
method proposed for reducing the losses in the sea 
return by providing a path of low resistance for the 
return current. It has long been the practise, when 
necessary to protect the insulation from the teredo, 
a marine borer, to wrap the gutta-percha insulation of 
submarine cables with a thin tape of brass or copper. 
This conducting tape suggested the use of a heavy 
copper tape, which, being just outside of the insulation, 
would be in the position which the high-frequency 
return currents would naturally seek to occupy. 
With this construction the lower frequency currents di- 
vide between thesea water, armor wires and the copper 
tapes, but as the frequency increases the part which re- 
turns through the tapes increases until finally for the up- 
per frequencies in the telephone range practically all the 
current returns through the copper tapes. The resist- 
ance of these tapes becomes, therefore, practically the 
upper limit to the resistance of the return path. By 
making this path sufficiently low in resistance, it is pos- 
sible to increase materially the efficiency of the cable. 
Furthermore, it is relatively inexpensive to place cop- 
per outside of the insulation, the main limitation to 
the amount being a mechanical one; namely, that as 
the tapes are made heavier and consequently stiffer, 
there is danger of damaging the insulation when the 
cable is bent. It was found that this idea of providing 
a conductive tape for the return was not new,® but 
investigation failed to show that it had ever been used 
or that any quantitative information had been pub- 
lished as to its effectiveness. This construction forms 
practically a concentric cable in which the outside 
cylinder is in contact with the water. In addition 
to its beneficial effect on the sea return, it is desirable 
also in that by reducing the external field of the circuit 


4. Devaux-Charbonnel, Journal Telegraphique, May 25 and 
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it decreases the induction between adjacent cables and 
also tends to decrease the effect of extraneous elec- 
trical disturbances. 

In order to get directly experimental information 
regarding the interference and the effect of the sea 


return on submarine cables, permission was obtained — 


from the British Columbia Telephone Company to 
make tests on their cable to the island of Vancouver,’ 
from the Western Union Telegraph Company to test 
their cables landing at Key West from Cuba, and from 
the United States Government to make measurements 
on a cable from Key West to Sand Key, a small island 
about 8 miles (14.8 km.) from Key West on which are 
located a lighthouse and a weather bureau station. 

The Vancouver cable is a four-core continuously 
loaded gutta-percha cable with a brass protective 
tape wound around the group of cores. Measurements 
were made of the sea return for grounded circuits, 
of the interference on grounded circuits and of the 
induction from a telegraph cable of the Canadian 
Pacific Railroad which parallels the telephone cable. 
In addition, tests were made to get some indication 
of the cross-talk which might be expected between the 
physical and superposed circuits in such a cable and 
of the regularity of the impedance in a continuously 
loaded cable. Tests were also made of the interaction 
between currents of telegraph and telephone frequencies. 
The superposition in the iron wire loading of the fields 
of these two currents has been found’ to increase the 
attenuation of the circuit for telephone currents. This 
has been called the ‘‘flutter”’ effect. 

The Western Union cables are single-core gutta- 
percha-insulated non-loaded cables with protective 
metal tapes. Measurements were made of the inter- 
ference on the cables and also of the cross-talk between 
the cables. 

The Sand Key cable is a four-core non-loaded rubber- 
insulated telephone cable which has no protective 
metal tape. On this cable the sea return effect and 
the interference were measured. 

It should be noted that measurements cannot be 
made directly of the sea return resistance for tele- 
phone frequencies. The resistance of the grounded 
circuits was determined from measurements of the 
impedance of the circuit, from measurements of the 
attenuation and from such data regarding the constants 
of the cables as could be obtained from tests on short 
pieces. The resistance of the conductor itself was 
obtained from tests on metallic circuits. For the Van- 
couver cable, this included the effect of the loading on 
the resistance of the circuit for alternating currents. 

The magnitude of the sea return effect so determined 
checked closely the theoretical computations. In the 
case of the Vancouver cable this check involved taking 
- into account the thin protective brass tape which had 

7. La Belle and Crim, “The Gulf of Georgia Submarine 
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an appreciable effect. It was found also that the in- 
terference both from natural sources and from power 
systems would not be serious with amplifications even 
larger than those required on the Key West-Havana 
telephone cables. The tests for cross-talk between the 
cables at Vancouver which were about a mile (1.86 km.) 
apart for their length of about thirty miles (55.6 km.) 
gave no indication of induction from one cable to the 
other. The test on the Western Union cables which all 
terminated in the same hut at Key West gave a maxi- 
mum cross-talk of less than 10 units at 1000 cycles (a unit 
of cross-talk being a ratio of current in the disturbed 
circuit to current in the disturbing circuit of 1 to 
1,000,000). The flutter tests on the Vancouver 
cables showed that if the currents of the several chan- 
nels were kept within reasonable limits, this effect 
should not cause trouble even for longer cables. 

The results of these tests removed any question of 
serious interference and cross-talk with single-core 
cables under the proposed conditions. They verified 
the serious effects of the sea return resistance, but by 
providing a check on the theoretical work, gave assur- 
ance that this could be applied in estimating the effect 
of employing heavy copper tapes to limit the resistance 
of the sea return. 


CABLE DESIGN 


Conductor. To provide flexibility and security 
against breakage, it is customary to make the central 
conductor of a submarine cable not of a single solid 
wire but of a central wire surrounded either by a layer 
of copper wires or by a layer of thin copper tapes. 
In the present case the latter construction was used 
because of the smoother surface it provides for the load- 
ing wires. It also tends to give somewhat lower re- 
sistance and capacity for a given weight of copper. 
The actual. conductor consists of a round copper wire 
0.115 inch (2.92 mm.) in diameter surrounded by five 
copper tapes each 0.077 inch (1.96 mm.) wide and 0.0125 
inch (0.832 mm.) thick. This conductor has a weight 
of 350 lb. (159 kg.) per nautical mile (1.86 km.). 
It was specified to have a resistance not to exceed 
3.52 ohms per nautical mile at 75 deg. fahr. (24 deg. 
cent.) 

Loading. The cable is loaded with a single close 
layer of iron wire 0.008 inch (0.2 mm.) in diameter 
applied directly upon the central copper conductor. 
There are approximately 120 turns of this loading 
wire per inch length of the conductor. While an 
equally efficient cable for the transmission of telephone 
frequencies could have been produced at a lower cost 
by using a smaller conductor with heavier loading 
in the form of more layers or thicker iron wire or both, 
the requirements of the carrier telegraph made the 
lighter loading more desirable, as will be shown later. 

Insulation. The loaded conductor is treated with 
Chatterton’s compound and insulated with gutta- 
percha mixture applied in three layers, thus forming a 
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“eore.”’ The amount of this insulating material is 
315 lb. (143 kg.) per nautical mile which provides a 
wall thickness of approximately 0.185 inch (3.4 mm.). 
Because, of the loading and the high frequencies for 
which the cable is used, low alternating-current con- 
ductance was specified for the dielectric, requiring 
the use of a special gutta-percha mixture. 

Return Conductor. As already stated copper tapes 
-were applied to the outside of the core ,to diminish 
the losses caused by the sea return. In the actual 
construction a copper tape 1 inch(2.54em.) wideand 0.004 
inch (0.1 mm.) thick is applied directly upon the core 
with short enough lay to provide safe overlap. Upon 
this tape are laid two heavier copper tapes, each 0.625 
inch (1.59 em.) wide and 0.022 in. (0.56 mm.) thick. 
These two heavier tapes are applied with a much longer 
lay, and are laid side by side with the edges not quite 
touching. The entire system of copper tapes, weighing 
approximately 850 pounds (390 kg.) per nautical mile, 
provides a return conductor with a direct-current 
resistance in the laid cables of approximately 1.65 
ohms per nautical mile. The thin tape first applied 
directly on the core furnishes also the protection against 
Injury of the core by the teredo. 

Sea Grounds. The main core with loaded central 
conductor and uninsulated return conductor, as des- 
cribed above, extends through the entire length of 
cable. In submarine telegraph cables it is the practise, 
in cases where it is especially important to reduce as 
much as possible all disturbances from outside sources, 
to construct portions of the cable near the ends with 
two cores so that the return part of the circuit is car- 
ried some distance out to sea before being connected 
to ground. In accordance with this practise, portions 
of each end of these cables were made with such two- 
core construction. In these portions the return or 
sea ground core has the same central conductor as the 
main core, no loading iron, the same amount of insu- 
lating material per unit length, and the thin protective 
copper tape but no heavy copper tapes. At the outer 
end of each of these sea ground cores its conductor is 
connected by electric welding to the conductive copper 
tape on the main core. 

Armoring. The armoring protects the core and 
gives tensile strength to the cable to permit its being 
handled for laying and for subsequent lifting in case 
of repairs. As is usual, the size and number of armor 
wires are adapted to the location, taking into account 
such matters as depth, nature of bottom and water 
currents. The shore end portions, where because of 
relatively shallow water the cable is most likely to 
be injured, have the heaviest armor wire, which in 
this case has a diameter of 0.3 inch (7.6 mm.). The 
portions of the cable lying in the deepest water are 
armored with wire having a diameter of 0.104 inch 
(2.6 mm.). Intermediate portions of the cable have 
armor wires whose diameter is 0.192 inch (4.9 mm.). 
The 0.104 inch armor wire for the deep sea cable is a 
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springy steel wire intended to give great tensile strength 
to the cable, while the heavier armor wire for the shore 
end and intermediate cable in shallower water con- 
sists of soft iron. The armor wire in all types of the 
cable is galvanized and is coated with preservative 
compound before being applied to the cable. The wires 
for the deep sea portions, in addition to being com- 
pounded, are individually wrapped with an impreg- 
nated fabric tape, which serves the double purpose 
of protecting the wire and making the cable more 
flexible by keeping the armor wires separated. 

Before the armor wires are applied, the core or cores 
are served with tanned jute yarn applied in one or 
more layers to form a bedding for the armor wires. In 
those portions of the shore end cable which have two 


TABLE I 
LENGTHS OF THE SEVERAL TYPES IN EACH CABLE 


Length—Nautical Miles* 
Type of Armoring or Western | Center { Eastern 
Cable Sheathing Cable Cable Cable 
Key West End 
Shore end twin with) 17 No. 1 (0.300 
lead-covered cores... inch) wires 0.2 OFZ 0.2 
Shore end twin plain} 15 No. 1 (0.300 
CONES aon ccicetauste ea crate inch) wires 3.0 3.0 3.0 
Shore end single....... 10 No. 1 (0.300 
inch) wires 14.0 9.5 10.5 
Intermediate single....| 14 Nos. 6 (0.192 
inch) wires 10.5 10.5 9.5 
Deep sea single........ 20 No. 12 (0.104 
inch) wires 
(taped) aa 74.5 79.2 
Intermediate single....| 14 No. 6 (0.192 
inch) wires i as 1.0 LOO 
Shore end twin plain) 15 No. 1 (0.300 
COLOR ae 6 hae eee 2 inch) wires 1.8 1 RE ee 
Shore end twin with| 17 No. 1 (0.300 
lead-covered cores... inch) wires 0.2 0.2 os 
Havana End 
MO Gals ccs ae rertagcacy caste 104.5 100.2 104.9 


*A nautical mile is 6087 feet (1855 meters). 

The total length of cable laid on each of the three routes as given is 
somewhat greater than the distance along the route in order to provide 
slack, 


cores, these are laid up together with a relatively long 
lay and with tanned jute in the interstices between 
the two cores, before applying the jute bedding for the 
armor wire. 

In the extreme shore ends a short length is made 
with each core covered with a close fitting tube of lead 
to protect it from light and air, which would tend to 
cause deterioration of the gutta-percha in those portions 
which may extend out of the water. 

The lengths of the several types differ somewhat in 
the three cables because of differences in the routes. 
In a general way the heaviest type of armoring extends 
from the shore to a point where the depth is approxi- 
mately 100 fathoms (183 meters) and the intermediate 
type from this point to one where the depth is approxi- 
mately 250 or 300 fathoms (457 to 549 meters), with the 
deep sea type in all the deeper parts. This arrange- 
ment carries the heavily armored cable much farther 
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out from the Key West end than from the Havana end 
because of the much more gradual increase of depth of 
water at the Key West end. For the same reason the 
two-core or twin cable, which provides the return core 
for the sea ground, is carried out considerably farther at 
the Key West end. Theapproximate length of each type 
actually installed and the sequence of types are given 
for each cable in Table I. 
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LOADED CORE WITH CONDUCTIVE TAPES 
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Fig. 2—Cross-SEcTIONS OF THE Various TYPES OF CABLE 
UsED ; 


~Core with Protective Tape 
0.44” Dia. Appr. 


Some of the principal details of the design of the 
several types of cable with their relative dimensions 
are shown in the diagrams of Fig.2. A photograph of 
specimens showing the appearance of the cables and 
some details of their construction is reproduced in 
Fig. 3. The over-all diameter of the largest shore end 
cable is approximately 2.4 inches (6.1 cm.) and that of 
the deep sea type approximately 1.2 inch (3.0 cm.). 


CABLE MANUFACTURE AND TESTING 


The cables were manufactured and laid by the 
Telegraph Construction and Maintenance Company, 
Limited, of London. 

Since the mechanical structure of these cables 
is in most respects similar to that of gutta-percha- 
insulated submarine telegraph cables, the manufacture 
was in the main carried on along the lines followed in 
making such cables. Briefly, this process is as follows: 
The central conductor is made by stranding around a 
copper wire a layer of finer copper wires or a layer of 
thin copper tapes. This conductor is then covered 
with the gutta-percha insulating material, generally 
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applied in two or three layers to diminish the chance of 
a defect extending through the insulating envelope. 
Before applying the gutta-percha, the conductor is 
treated with a thin coating of Chatterton’s compound, to 
fill the interstices in the conductor and to increase the 
adhesion between the conductor and the gutta-percha. 
The insulated conductor so formed is known as a “‘core’’ 
and is manufactured in lengths generally ranging from 
114 to 3 nautical miles (2.8 to 5.6 km.), depending upon 
the weight of the core. In general it is necessary to 
manufacture heavy core in shorter lengths than light 
core. After the necessary inspection and tests the 
core lengths are served with tanned jute yarn, in one or 
more layers to form a bedding for the armor wires. 
In case the cable is to be protected against the teredo, 
the core, before being served with the jute bedding, is 
covered with a close overlapping layer of metal tape 
(generally brass). Hither before or after being served 
with the jute bedding, the individual cores are joined 
together to form longer lengths. They then pass to 
the armoring or closing machine, which applies the 
armor wires. The galvanized armor wires, before 
being used, are coated with preservative compound and 
the armoring machine applies over the outside of the 
armor wires wrappings of tarred jute yarn or of a 
heavy burlap-like fabric known as ‘Hessian’ band. 
Between the armor wires and these outer wrappings, 
as well as between and over the several wrappings, 


TYPE A 
SHORE END TWIN SHORE END SINGLE INTERMEDIATE 
CORES NOTLEAD COVERED 


TYPE A®-SHORE EN 
LEAD COVERED COR 


Fig. 3—Sprcrmens or THE Various Types oF CaBie USED 


coatings of preservative compound are applied. From 
the armoring machine the cable is laid directly into the 
factory cable tanks, where it is treated with whitewash 
to prevent sticking, and where it is then kept submerged 
in water until it is transferred to similar tanks in the 
cable ship, for transport and laying. 

In the splicing of two lengths of cable, either at the 
factory or on the cable ship, a core joint is first made to 
unite the conductor and its insulation in the two por- 
tions of cable. Over this the jute bedding is then 
reapplied by hand, and finally the armor wires which 
had previously been opened up and laid aside, are 
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laid back in such a way that the armor wire from one 
of the two pieces extends for a length of 15 feet (4.6 
m.) or more over the armor wire of the other part. 
After laying the armor wire in place the splice is served 
with several tight bindings of galvanized iron wire and 
the whole covered by a continuous close binding of 
tarred yarn. 

In the manufacture of these cables the application 
of the iron loading wire to the conductor added an 
operation which, because of its relative slowness, 
largely determined the length of time required for 
manufacture. The heavy conductive copper tapes 
which are applied to the outside of the core could, be- 
cause of their weight, be handled only in limited lengths 
of something like 200 feet (61 m.). Successive por- 
tions of this tape were joined together by welds. A 
soldering or brazing operation would have required the 
insertion of a dissimilar metal, which would increase 
the tendency to electrolytic corrosion when in contact 
with sea water. 

The cable in process of manufacture was subjected 
to the usual visual and manual inspections and electrical 
tests. The core was manufactured in individual 
lengths of approximately two nautical miles (3.7 km.) 
each. These individual core lengths, after 14 days’ 
submersion in water, were tested at a temperature of 
75 deg. fahr. for d-c. conductor resistance, insulation 
resistance and capacity. During the process of jute 
serving and armoring frequent electrical tests were 
made so that if any injury or fault should develop it 
could be detected and the defective part removed or 
repaired. Measurements of d-c. conductor resistance, 
insulation resistance and capacity were again made on 
the completed cable at various times during and after 
the manufacture, the loading upon shipboard and 
during the transport and laying of the cable. 


In addition to these tests, which are customary for 
all gutta-percha-insulated submarine cables, additional 
measurements were made on the present cables. The 
inductance and capacity of each length of core were 
measured by: alternating-current methods. A large 
number of short lengths of core selected so as to repre- 
sent all parts of the cable were measured for capacity 
and conductance at 1000 cycles per second and at 75 
deg. fahr. It was found that the capacity as measured 
by a direct-current galvanometer method agreed within 
one per cent with the capacity obtained by measure- 
ments with alternating current of 50 cycles or 1000 
cycles per second. Table II gives the average values 
per nautical mile of the several electrical constants as 
measured on the cores at a temperature of 75 deg. fahr. 
14 days after manufacture. 


TABLE II 


Direct-Current resistance.............. 
o “ CADACILY aaa eee ae 
insulation resistance after 
one minute electrification.......... 
1000-Cycle inductance................. 
& SCOUCUCTANCC tert ante: 


3.32 ohms 

0.311 microfarads 

“ “ 
920 megohms 
4.35 milhenrys 

12.8 micromhos 
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The corresponding values for the completed cable 
when laid are in some respects materially different. 
The insulation resistance is higher in the laid cables 
because it increased both with age and with the lower 
temperature at the sea bottom. The 1000-cycle 
conductance decreased with age but increased with the 
lower temperature—these two effects thus tending to 
offset one another. The inductance for the comp eted 
cable corresponds to that of a central loaded conductor 
with a concentric cylindrical return circuit, while the 
inductance measured on the individual cores was that of 
a gutta-percha-insulated loaded conductor in bifilar 
form. The conductor resistance is, of course, different 
because of the lower temperature of the laid cables. 

These extensive measurements were made to obtain 
data regarding the electrical properties of the cable and 
of the individual lengths of core. The data on the 
core lengths were used to determine the'r best sequence, 
in order to make the mpedance at the ends of the cable 
as un form as possible over the range of frequencies 
required for telephone transmission. 


CABLE LAYING 


The cable ship arrived at Key West February 7, 1921, 
and after certain preliminaries such as securing barges 
and tugs and making the necessary arrangements with 
the Government authorities proceeded with the laying 
operations. | 

Where the water was deep enough the cables were 
laid directly from the cable ship which brought them from 
the cable factory to the Florida Straits. In shallower 
water the cables were laid from a barge or lighter towed 
by a tug. The actual sequence of laying each cable 
was as follows: First a length of approximately 6 or 
8 miles (11 or 15 km.) was laid from a barge at the Key 
West end. The barge with its length of cable was 
brought as near as possible to the Key West cable hut. . 


' The extreme Key West end of the cab‘e was pulled from 


the barge to the shore, laid in a trench on the beach and 
terminated in the hut. To facilitate this landing the 
portion between the barge and the hut was supported 
at intervals by empty casks, to which the cable was tied 
by ropes, and thus floated in the water. After the 
landing of the shore end, the main portion of this cable 
section remaining on the barge, its length having been 
suitably chosen, was laid outward to a point having a 
depth sufficient for the cab'e ship. At this point the 
end was sealed and dropped to the bottom with an 
anchor attached to a marking bouy. Later this cable 
end was picked up by the cable ship and spliced to the 
next length, which was then lad by the ship from this 
point to the end of the intermediate type of cable, which 
as already stated reached to a point where the depth 
of water was about 250 or 300 fathoms (457 or 549 
meters). Again the end was sealed and laid overboard 
with an anchor and a marking bouy. Next a short 
length of shore end cable was laid by barge from the 
Havana cable hut outward and its end lifted to the 
ship and there spliced to the main length of cable, which 
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was then laid by the ship from this point near Havana 
to the point where the bouy marked the location of the 
end of the intermediate cable previously dropped. 
After lifting this bouyed end the final splice was then 
made on the ship connecting the bouyed end to. the 
main cable on the ship and the work of laying completed 
by dropping the final splice overboard. 

After the completion of the laying of the three cables 
the final acceptance tests were made at the ends of the 
cables in the Key West cable hut These tests covered 
only such measurements as are customary on sub- 
marine telegraph cables; 7. e. measurements of direct- 
current conductor resistance, direct-current insulation 
resistance and direct-current capacity. They were in- 
tended merely to determ ne these direct-current proper- 
ties and to insure the electrical integrity of the cables 
after completion of the laying. The results of these tests 
are shown in Table III wh’ch gives values per nautical 
mile: 


TABLE III 
Western Center Eastern 
Cable Cable Cable 
Conductor resistancee—ohms Sls} Soe 3. 1d 
Capacity-microfarads...... 0.315 0.316 0.314 
Insulation resistance after 
one minute  electrifica- 
cation—meghoms....... 8900 7600 8500 


These tests were completed the evening of February 
25, 1921, and on February 26, 1921, the surplus and 
spare cable was delivered into the storage tank at 
Key West and the cables were formally accepted. 


CABLE CHARACTERISTICS 


In view of the fact that the return circuit of the 
single-core cable includes the sea water, the operation 
of the cables could not be determined accurately until 
they were laid. The lengths of the laid cables are 
such that determinations at telephone and carrier 
frequencies of the primary constants, resistance, 
inductance, capacity, and conductance can not be made 
directly. The secondary constants, the impedance and 
attenuation can be measured and these data together 
with the results of the tests on short pieces used to 
estimate the primary constants. 

After acceptance, extensive alternating-current 
measurements were made on the three cables, covering 
the range from about 100 to 6000 cycles. These tests 
included determinations of the ratio of the current 
received at one end of the cable to that sent in at the 
other and measurements of the impedance at each end 
of each cable with the far end closed through the charac- 
teristic impedance of the cable. From these measure- 
ments of the ratio of the ‘received’’ current J, to the 
“sent current J;, the attenuation constant @ pernautical 
mile of each of the cables was obtained from the relation 


I; 
I, 


where L is the length in nautical miles. 


-La 


These values 
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for a range of frequencies are given in Table IV. It 
is seen that the values for the three cables do not differ 
materially. The average of the attenuations for the 
three cables is shown also in Fig. 4. 


0 1000 2000 3000 4000 
FREQUENCY- CYCLES 


5000 6000 


Fig. 4—Averacr ATTENUATION CONSTANT OF THE CABLES 


The transmission equivalent of the center cable, 
which is the shortest, is shown in terms of miles of 
standard cable at 800 cycles (attenuation of one mile 
of standard cable at 800 cycles is 0.109) in Fig. 5. 
This figure gives in addition the combined equivalent 
of the compositing apparatus in the two huts and the 
land cables at the two ends between the cable huts 
and the offices, and also the total equivalent of the cir- 
cuit from the Key West office to the Havana office. 

Table V gives the total equivalent of the circuit 
over the center cable between the two offices and the 
corresponding current ratios. 

The variation of the resistance and reactance com- 
ponents of the impedance of the cable is illustrated 
in Fig. 6. The deviations of these curves from those 
that would be obtained if the cable were absolutely 
uniform throughout its length are under 3 per cent. 

From these measurements, from the tests in the 
factory and from computations, it is possible to esti- 


mate fairly closely the constants of the cables. The 
TABLE IV 
ATTENUATION CONSTANT PER NAUTICAL MILE 
Cables 
Frequency 
Cycles per sec. Western Center Eastern Average 
200 0.0170 0.0165 0.0168 0.0168 
500 0.0196 0.0197 0.0190 0.0194 
1000 0.0216 0.0216 0.0216 0.0216 
2000 0.0278 0.0278 0.0278 0.0278 
3000 0.0357 0.0361 0.0371 0.0363 
4000 0.0450 0.0460 0.0470 0.0460 
5000 0.0558 0.0574 0.0594 0.0575 
6000 0.0710 0.0716 0.0748 0.0725 


average of these constants for the three cables is given 
in Table VI. The conductance is not given for fre- 
quencies of 1000 cycles and lower as its effect for 
this range is so small as to make determination of its 
value practically impossible under the conditions. 
Estimates were also made of the distribution of 
the resistance in the circuit for a range of frequencies. 
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TABLE V 


TOTAL EQUIVALENT-HAVANA OFFICE TO KEY WEST OFFICE 
CENTER CABLE 


Equivalent 


Miles Standard Cable 


Frequency Cycles 800 Cycles Current Ratio 
200 19.8 0.116 
500 19.4 0.121 
1000 20.8 0.104 
2000 27.2 0.0516 
3000 35.7 0.0204 
4000 46.0 0.00664 
5000 58.0 0.00180 
6000 : TAYE 0.00036 


The curves of Fig. 7 give average values for the three 
cables of the d-c. conductor resistance, the increase 
of the conductor resistance with frequency due to skin 
effect, the resistance of the sea return and the resistance 
_ added to the circuit by losses in the loading iron. The 
large¥part contributed by the loading at the higher 
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Fig. 5—TRANSMISSION EQUIVALENT OF CIRCUIT OVER CENTER 
CABLE BETWEEN Kry West and Havana TELEPHONE 
OFFICES 


A. Total equivalent between offices. 

B. Equivalent of submarine cable. 

C. Equivalent of underground cables and apparatus between submarine 
cables and terminal offices. 


frequencies shows why it is desirable to use the light 
loading where carrier frequencies are to be transmitted. 
The use of iron wire 0.012 inch in diameter would have 
increased the resistance added by the loading by about 
55 and 90 per cent at 3000 and 5000 cycles respectively 


TABLE VI 


AVERAGE ELECTRICAL CONSTANTS OF CABLES PER 
NAUTICAL MILE 


Frequency-Cycles per Second 


0 | 200 | 500 |1000|2000|3000|4000 eta aa 
Resistance-ohms...... »---(d.12/4.1)4.5/4.8/5.8]7.218.7 |10.9]13.7 
Conductance-micromhos fe 5 45 | 90 | 140 180 | 230 


Capacity—0O.31 microfarad 
Inductance—0 .0041 henry 
Effective Permeability of Loading—115 
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above the values obtained with 0.008-inch wire. These 
increases in resistance, in spite of the increase in induc- 
tance resulting from this change, would have increased 
the attenuation by 33 and 65 per cent at these fre- 
quencies. 


OHMS 


0 1000 2000 


3000 4000 
FREQUENCY-CYCLES 


Fic. 6—IMPEDANCE OF EASTERN CABLE AS MEASURED FROM 
THE Kry West TERMINAL 


Estimates of the resistance of the sea return which 
would have been obtained in the deep sea portion of 
the cable if no copper tapes had been provided give 
values of 4, 6.5 and 8 ohms per nautical mile at 1000, 
3000 and 5000 cycles. The resistance actually obtained 
with the copper tapes does not exceed 1.7 ohms at 
5000 cycles, as shown on the curves of Fig. 7. The 
greater values would have increased the attenuation 
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Wic. 7—ANALYSIS OF THE RESISTANCE OF THE CABLE CiRcuIT 


by approximately 380 per cent at 1000 cycles and by 
50 per cent at the two higher frequencies. 

The results of the measurements of the cross-talk 
obtained at Key West between two adjacent cables 
is Shown in Fig. 8. It will be noted that the cross- 
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talk between the cables when the connection is made 
to the copper tapes is less than one per cent of that 
obtained when the connection is made to the insulated 
sea ground conductors. 

Measurements of the interference on these cables 
showed this to be practically negligible. As might 
be expected, the interference of frequencies in the d-c. 
telegraph range was greater when using the return 
tape than when using the sea ground. The interfer- 
ence at the telephone and carrier channel frequencies 
was, however, many times greater when using the sea 
ground conductors, the interference when using. the 
return tape being so small as to be negligible even with 
amplifications larger than required for operation. The 
maximum interference currents obtained with the tape 
return were less than one microampere and this was 
largely 180-cycle current; which was probably pro- 
duced by a harmonic in a power circuit near the 
terminal. 


CROSSTALK UNITS 
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8—CROSS-TALK BETWEEN Two OF THE CABLES 


A. Both cables using sea ground. 
B. Both cables using copper tape return. 


Fie. 


The results of the cross-talk and interference tests 
confirm the expected operation of the heavy copper 
tape return, that is, that practically all the current 
of frequencies in the important part of the telephone 
range and above would return through the tape. On 
the same basis the tape acts as a very effective screen 
against interference currents of these frequencies. 

Measurements of the flutter effect between the d-c. 
telegraph and the telephone channel showed that the 
passing of the telegraph currents over the cable si- 
multaneously with currents of frequencies in the tele- 
phone range, reduced the magnitude of the received 
telephone current by only a small fraction of one per 
cent. The maximum value of the d-c. telegraph 
pulses was about 14 milliamperes. The maximum 
effect on the carrier telegraph operation of the d-c. 
telegraph and the telephone together was a reduction 
of under 3 per cent in the magnitude of the received 
carrier currents. This was inappreciable in the opera- 
tion of the carrier system, as the receiving circuit 
is designed to be saturated with the normal incoming 
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current, so that slight changes in the sent currents or 
changes in the circuit efficiency have no effect on its 
output. 

; Investigation was also made of “modulation” effects 
in the loading. Where two currents of different fre- 
quencies, A and B, are superposed on the circuit and 
hence have their fields superposed in the iron wire 
loading, currents of other. frequencies are set up in 
the cable as a result of the non-linear characteristics of 
the iron. The frequencies of these modulation cur- 
rents are the sums and differences of the frequencies 
A and B and of their various harmonics, such as A 
a BS 2A tdi 2B A iA ia BD, DANS OB ie Bell eer: 
34 +2B, 3A +B, A+3B, and so on. The 
superposition of additional currents of frequencies 
different from A and B produces of course additional 
resultant modulation currents. 

The even order modulation currents, that is, those of 
frequencies for which the sums of the coefficients of A 
and B are even numbers, such as A + B and 2A 
+ 2 B, are due largely to magnetic bias of the loading 
and are therefore materially affected by the amount 
of direct current flowing in the circuit. The odd 
order terms, such as 2A + B, A + 2B and so on, are 
produced by the non-linear force-flux characteristic 
of the iron and are. less affected by the direct current. 

The principal modulation currents found in the work 
on the cable were those of frequencies A + B, 2A 
—B, 2B—A, 3A4—2B, and 3B—2A. Others 
were present but were either so small in magnitude or 
so high in frequency as to be negligible compared to the 
above. The measurements of the small modulation 
currents necessarily involve highly selective circuits, 
large amplifiers and special circuit arrangements in 
order to prevent the currents causing the modulation 
from entering the circuit measuring the modulation 
currents and also to eliminate the modulation effects 
in the measuring apparatus itself. For the present 
arrangement of channels with the 3000-cycle carrier 
flowing into the cable at Havana and the 3800-cycle 
carrier at the Key West end the modulation currents . 
produced by the carrier telegraph currents are very 
small. The 2 A-B term, which is the largest, is only 
0.2 microampere. If the two carrier currents are sent 
into the cable at the same end, however, the modula- 
tion currents while still small are appreciable, as shown 
in Table VII. 


TABLE VII 
MaanitupE oF CARRIER CURRENTS ENTERING SUBMARINE 
CABLE 
A—3000 ecyles, 13.6 milliamperes 
B—3800 “ 18.5 : 
MopvuvLatTioN CURRENTS FROM CABLE 
Frequency Microamperes 

AB), SOOO 500 ch becca 0.3 

A+ B,6800 “ Per less than 0.1 
DA B2200) te ee cee 4.7 
DB eATAG00 Mes cates kras nmin 1.3 
QIATe OS a A()() emcee aoe senses 123 
3B — 2A,5400 “ as 0.3 
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While for these arrangements the modulation effects 
were found to be so small as to cause no serious inter- 
ference, they may under some conditions become large 
enough to require consideration, particularly in con- 
nection with increasing the number of carrier telegraph 
channels over the cables. In that case, these modula- 
tion currents affect the number of channels, the cur- 
rent levels and the frequencies which can be used. 
This effect appears not only as noise in the telephone but 
also as interference between carrier channels. Asan 
illustration of the magnitudes which may be obtained, 
Fig. 9 shows the 2 A-B term for a constant A frequency 
of 2500 cycles with the B frequency varying from 3000 
to 5000 cycles. The magnitudes of both A and B are 


MODULATION CURRENT-MICRO- AMPERES 


4000 
“B’ FREQUENCY-CYCLES 


Fig. 9—Mopvuation EFrect In CABLES 


Current of 2 A—B frequency for A fre- 
quency = 2500 cycles. Current of both A and 
B frequencies = 30 milliamperes into sub- 
marine cable. 


30 milliamperes into the submarine cable at the same 
end, the modulation currents being measured also at 
that end. It is seen that for the lower frequency values 
of 2 A-B, the magnitudes are comparable with those 
of components of the telephone currents on the cable. 


COMPOSITING ARRANGEMENT AT TERMINALS 

For the initial operation over the cables, arrange- 
ments were made and apparatus provided for two 
duplex telegraph channels and a telephone channel 
over each of the three cables. One of the telegraph 
channels is furnished by the direct-current system and 
the other by the carrier-current system using fre- 
quencies above the voice range. In addition to the 
above, a signaling channel required for the operation 
of the telephone channel uses currents of frequencies 
in the voice range. It is possible to employ this range 


since it is not required simultaneously for signaling. 


and talking. 

The general method of superposing these channels 
on the cable and connecting them to the terminal 
apparatus is shown in Fig. 10. As the channels are 
required to operate in both directions, the usual balance 
system is provided for each channel to prevent the 
currents sent out at one terminal from operating the 
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receiving apparatus at that terminal. The balance 
system consists essentially of a “bridge transformer” 
and a network of impedance elements designed to 
simulate the impedance of the line for a range of 
frequencies. The bridge transformer is a transformer 
with three windings, from two of which accurately 
located center taps are brought out. This transformer 
is thus suitable for providing a Wheatstone bridge 
circuit in which the two windings having mid-point taps 
serve as ratioarms. The transmitting amplifier output 
is connected‘ to the mid-point taps and the receiving 
amplifier input to the third winding of the transformer. 
With the balancing network adjusted to have an 
impedance equal to that of the line, the transmitting 
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amplifier does not send current into the receiving 
amplifier. 


Filters or selective circuits are placed in the sending 
circuits to insure that the outgoing currents of any 
channel do not contain frequencies which will interfere 
with the other channels, and in the receiving circuits 
to admit only those currents in the proper frequency 
range. 

At the cable hut the submarine cable is connected 
by a 1 to 7 impedance ratio, specially balanced trans- 
former to a two-wire underground cable circuit of No. 
10 A. W. G. (diameter 0.102 inch, 2.6 mm.) conductors. 
Across the cable side of the transformer is bridged a 
No. 18 A. W. G. (diameter 0.072 inch, 1.8 mm ) two- 
wire circuit for the direct-current telegraph channel. 
The No. 10 circuit carries the telephone and the carrier 
telegraph channels to the office. The transformer 
serves. to insulate the grounded submarine cable from 
the land cable and thus renders the atterlesssusceptible 
to interference from power systems. It also steps up 
the impedance of the cable to meet the impedance of 
the telephone and carrier channel terminal apparatus 
and aids in keeping the d-c. te egraph currents out of 
the higher frequency channels. This latter function 
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is assisted by the condenser at id-poi 
cable side of the transformer. reine oft 

The telephone and carrier apparatus is connected in 
parallel to the No. 10A.W.G. underground cable 
circuit. Each set of equipment contains a bridge 
transformer which separates the sending and receiving 
circuits. These two bridge transformers are connected 
in parallel both to the cable and to the common balane- 
ing network so that the sending circuit of either channel 
will not send current into the receiving circuit of the other 
channel. The sending channels are not so balanced 
against each other, but since each contains a filter or 
tuned circuit which presents high impedance to currents 
from the other sending circuit, little current flows from 
one sending circuit to the other. The receiving side 
of the telephone is protected by balance against the 
sending side of the telephone and by both ba ance and 
selectivity against the sending side of the carrier 
channel. 

The d-c. telegraph channel is also in parallel with 
the telephone channel but is connected to it at points 
different from the carrier channel. The inductance 
coils and condensers in the d-c. channel constitute a 
low-pass filter which transmits frequencies from zero 
to about eighty cycles. This channel has one branch- 
ing arrangement which is designed so that the receiving 
circuits of the higher frequency channels are balanced 
against both the outgoing telegraph currents and the 
disturbances produced in the relay windings by the 
operation of the relay armature under the actuation 
of the received signals. It has also the second branch- 
ing arrangement in the windings of the receiving relay, 
to separate the sending and receiving telegraph circuits. 
This requires the second balancing network which is 
connected with this relay. 

It will be noted that associated with the main balanc- 
ing network shown in the right of Fig. 10 is a duplicate 
of all the apparatus and circuits between the terminal 
apparatus and the submarine cable. The balancing 

_ network itself is adjusted to simulate the impedance of 
the submarine cable over the range of frequencies 
required for the operation of the telephone and telegraph 
channes, particular attention being paid to have it 
meet this impedance for the range of the telephone 
channel. Because of the degree of uniformity obtained 
in the impedance of the cables, it was possib e to get a 
very good simulation with a simple network of three 
impedance elements. If the cables had been less 
uniform it might have been necessary to employ a 
multi-section artificial cable such as is used with long 
submarine telegraph cables. The balancing trans- 
former and artificial underground cable are adjusted to 
match the impedances of the corresponding elements in 
the cable circuit. By this means, it is possible to 
obtain a balance at the terminals of the bridge trans- 
formers which for any frequency in the telephone range 
is within 3 per cent of being perfect, thus making it 
possible to use high amplifications with this channel. 
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The degree of balance is on’y slightly poorer in the 
carrier telegraph range. . . 

Since the attenuation in the range available for 
carrier telegraph use is greater than that in the tele- 
phone range and the amplifications therefore necessarily 
larger, the land-line carrier telegraph practise was fol- 
lowed in not relying entirely upon the balance to 
prevent interference between the outgoing and incom- 
ing carrier currents but in using different frequencies 
in the two directions with the selective circuit and filter 
in the sending and receiving branches tuned respec- 
tively to these different frequencies. For operation 
from Havana to Key West a carrier frequency of 3000 
cycles is used and for the opposite direction a carrier 
fyequency of 3800 cycles. 

The arrangement of the terminal apparatus in the 
cable hut is shown in Fig. 11. Each of the submarine 
cables is terminated in one of the boxes at the left, which 


Hour 


Fig. 11—Apraratus IN CABLE 


are water-proof. The submarine cable enters the box 
from below, the two cores entering through separate 
bushings. The underground cable circuits from the 
office are brought into the boxes from above. Cables 
also lead from these boxes to the pots at the r ght which 
contain the transformers, condensers and inductance 
coils located at the hut. A tie cable enters all the 
boxes from below to make possible cross-connection of 
the c rcu ts and apparatus. 
TERMINAL EQUIPMENT 

Amplifiers and signaling apparatus for the telephone 
circuits and terminal apparatus for the telegraph and 
carrier telegraph channels are provided for each cable 
at the terminal offices in Havana and Key West. Al- 
though these terminal units in general resemble those 
developed for similar uses on land-line telephone and 
telegraph circuits, they differ in many respects because 
of the high attenuation of the submarine cables and 
the different methods of operation required on these 
circuits. 

The general theory and operation of telephone re- 
peaters®, carrier telegraph apparatus’ and vacuum 


9. Gherardi and Jewett, loc. cit. 
10. Colpitts and Blackwell, loc. cit. 
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tubes" have been described in various publications. 
Those features in which the cable apparatus is similar 
to earlier types will not be discussed here in detail. 

The terminal apparatus was designed, manufactured 
and partly installed before the laying of the cables, 
in order that service might be given as soon as possible 
after they were laid. The design of the apparatus 
was based on the estimated characteristics of the cables 
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but in order to provide for satisfactory operation, in 
case the attenuation and interference should exceed 
the expected values, the terminal apparatus was made 
adjustable over a wide range of amplifications and 
current levels. 


«= 
TELEPHONE CIRCUIT 


The telephone channels of the cables are connected 
to the land lines through bridge transformers and am- 
plifiers as shown in Fig. 12. The third winding of 
each bridge transformer is connected through an am- 
plifier to the center points of the line windings of the 
other bridge tranformer, thus forming the two-way, 
two-amplifier repeater circuit generally called a ‘22- 
type’ circuit!®. Since a close and constant balance 
has been secured between the cable and its network, 
as pointed out above, the repeater may be worked 
with large gains!® even when the balance between the 
land line and its network is not close. Such is the case 
in terminating connections where the land end of the 
repeater is connected through the toll switchboard 
to subscribers’ lines, as in calls to or from sub- 
scribers in Havana or Key West, without intervening 
toll lines of considerable length which could be balanced 
more closely. 

Networks are provided to balance the average sub- 
scribers’ lines as well as possible. When the repeater 
is to be connected to land lines of considerable length, 
networks of the general character described in an 


11. Van der Bijl, “The Thermionic Vacuum Tube and its 
Applications.”” McGraw-Hill Company, New York. 
12. Gherardi and Jewett, loc. cit. - 


13. The term “‘gain’’ is extensively used in telephone and 
carrier practise to indicate amplification and is generally ex- 
pressed in terms of the number of miles of standard cable, the 
attenuation of which it will just neutralize. 
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earlier paper", which provide a better balance for 
these lines, are used. Such networks are provided 
for use with the circuits extending north from Key 
West and also for use with the toll circuits in Cuba. 
The repeaters combine the operating characteristics 
of “through-line’ and ‘“‘cord-circuit’” repeaters. A 
through-line repeater is one which is permanently con- 
nected in a toll line, the whole forming a through-line 
circuit, no part of which is under the control of an 
operator at the repeater station. In a cord-circuit 
repeater thé two line ends of the repeater circuit 
appear at the toll switchboard as plugs and this re- 
peater cord circuit may be used to connect toll lines 
which terminate in jacks in the switchboard.’ Such 
a repeater is arranged so that the gain can be adjusted 
by the toll operator to the value specified for the cir- 
cuits which it is used to connect. In the Key West 
and Havana repeaters the cable bridge transformers, 
the cable balancing networks and the amplifiers are 
permanently connected to the cables, the repeaters 
being thus through-line in character on the cable side. 
The repeaters at. Key West on the through circuits are 
permanently connected to the land lines and their 
balancing networks, with certain arrangements for patch- 
ing to be noted below. Such circuits are shown sche- 
matically in heavy lines in the upper part of Fig. 13. 
At Havana, and at Key West on the one circuit ter- 
minated there, the land sides of the repeaters terminate 
in the switchboard, so that these repeaters have some 
of the features of cord-circuit repeaters. These so- 
called “‘terminating connections’ are shown in sche- 
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matic form in Fig. 14. In the terminating as well as 
in the through-line circuits, the gains of the amplifiers 
are adjusted by means of the potentiometers P and P’ 
shown in Fig. 12. These are set at the proper values 
by the repeater attendant. The control at the switch- 
board of the effective gains of the terminating repeaters 
is obtained by means of artificial lines or pads on the 


14. Gherardi and Jewett, loc. cit. 
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line and network sides of the bridge transformers H 
and Hi ‘as shown in the lower part of Fig. 14. 

In the terminating circuits, the land side of the 
repeater appears at the switchboard in both a single- 
jack and a twin-jack termination, as shown in Kige 14; 
The single-jack termination is used for connections 
to local subscribers’ ‘loops and the twin-jack arrange- 
ment for connection to land toll lines. A call coming 
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over the cable, indicated by the lighting of the signal 
lamp L, is answered with a single-plug toll cord, the 
plug being inserted in the jack E. If the call is in- 
tended for a local subscriber, the other end of the cord 
is plugged directly into the local circuit at the switch- 
board. This circuit is balanced by a _ network 
N designed to balance the average local connection. 
When the circuit is not in use the net work N 
is disconnected and the two equal pads W and 
W’ preserve the proper impedance balance on the 
two sides of the bridge transformer H, so that singing 
in the repeater circuit is prevented. The insertion 
of the cord-circuit plug in the single jack H operates a 
relay which connects the network N in place. When 
connection to the subscriber’s instrument has been 
completed, the current from the central battery through 
his transmitter operates a train of relays which reduces 
the transmission loss introduced by the pads. The 
same change in the pads is produced when the operator, 
by throwing her talking key, causes current to pass 
through her transmitter. If the call is routed to a toll 
line, the connection is made by the insertion of a “‘twin- 
plug toll cord” in jacks C and D, which disconnects 
the single jack circuit automatically. The twin plug 
at the other end of the cord is inserted in the jacks 
connected to the desired toll line and its balancing 
network. The circuit of this twin plug toll cord is 
shown schematically in the lower part of Fig. 14. In 
this-case the operator may control the effective gain 
of the repeater by a key which changes the number of 
sections in the adjustable pads V and V’. 
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In through-line use of the repeaters both amplifiers 
are continuously supplied with filament current and 
are maintained in operating condition. In cord- 
circuit or terminating use the amplifier which receives 
from the cable is kept in operating condition in order 
that signals may be received. When a connection 
Is made through either the single- or double-jack 
circuits, relays are operated which cause current 
to be supplied to the filaments of the sending amplifier. 
No current is supplied to this filament circuit except 
when a connection is established. 

In view of the fact that it may sometimes be desired 
to terminate temporarily at the Key West switchboard 
any one of the through-line circuits, the repeater 
circuits have been arranged to facilitate this. It 
will be noted in Fig. 18 that the through-line circuits 
pass through a group of jacks. These are located in 
the “jack panel,’’ a unit in which are terminated all 
the principal circuits associated with the cable. When 
the connections indicated by the dotted lines are made 
the resulting circuit is the same as that of Fig. 14. 

In order to protect the telephone apparatus against 
interference due to the telegraph channels, a filter 
system is connected in the telephone circuit between 
each amplifier and the cable bridge transformer. The 
filter in the receiving branch (Fig. 12) freely passes the 
range of frequencies (250 cycles to 2300 cycles) assigned 
to the telephone channel and greatly attenuates cur- 
rents of all other frequencies. The filter in the send- 


Fig. 15—TrrerHone Repeater Paneus, JAcK PANEL AND 
THSTING PANELS 


ing branch prevents the passage of currents of fre- 
quencies which would interfere with the carrier tele- 
graph channel. 

The amplifiers, filters and other equipment of each 
repeater are mounted in a unit panel. These, together 
with the panels containing the terminal equipment 
associated with the other communication channels, are 
arranged in a double row in each terminal office. 
One of these rows is shown in Fig. 15. Four of the 
panels, two at each end, are repeater units, three of 
these being associated with the three cables. Owing 
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to the importance of these circuits a spare unit has been 
provided to insure against interruption of service. 


SIGNALING SYSTEMS 
The signals for the telephone channels are transmitted 
over the cables by a ‘“‘voice-frequency”’ signaling system, 
which involves the generation, transmission and re- 
ception of an alternating current, the frequency of 
which changes abruptly from 950 cycles to 1300 cycles 
and back, this alternation of frequencies taking place 


To. 
Receiving 
Amplifier 


Fie. 16—Recetvine Circuir ror Voice Frequency Sie- 
NALING 


at the rate of 16 cycles per second. Signals are trans- 
mitted over the land lines north from Key West and 
over the toll lines terminating at Havana by means of 
the usual 135- and 16-cycle currents. 

By means of a ringing key in the toll cord circuit, 
the operator at one end of the cable causes the voice- 
frequency current described above to be sent out by 
the signaling oscillator, a vacuum-tube oscillator of 
the usual type arranged so that the capacity in the 
oscillating circuit is changed 32 times a second. This 
sends out alternately currents of the two different fre- 
quencies through the sending amplifier B (Fig. 14) to 
the cable. At the other end of the cable these currents 
flow into the receiving side of the repeater and through 
the amplifier A. If the telephone circuit is terminated 
at this point, part of the amplified signaling current 
passes into the receiving circuit for voice-frequency 
signals as can be seen from Fig. 14. 

The details of the voice-frequency signal receiving 
circuit are shown in Fig. 16. The input impedance 
of this circuit is high so as to produce no appreciable 
loss in the telephone transmission circuit across which 
it is connected. The incoming signaling currents are 
amplified by the tube T,, from which they pass into 
the high resistance R. Connected in series across this 
resistance are two tuned circuits TC, and TC, of 
which one is tuned to 950 cycles and the other to 1300 
cycles. Each tuned circuit is connected through a 
transformer to the input side of a vacuum-tube recti- 
fier. The grids of the tubes T, and 7; are made just 
sufficiently negative by means of the batteries B, and 
B; so that there is normally no current flowing in the 
plate circuits of the tubes. The tubes thus function 
as detectors of incoming currents. When 950-cycle 
current is impressed on the circuit TC, a voltage is 
applied to the grid of tube T, causing current to flow 
through the relay winding W,. The next instant 
rectified 1300-cycle current passes through winding W». 
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The armature A of the polarized relay then vibrates 
back and forth at the rate of 32 times a second, thereby 
interrupting the current through the relay V. The 
armature of this relay therefore falls back, lighting 
the signal lamp L (Fig. 14) at the switchboard. 

In the through-line circuits at Key West, such as 
the Havana-New York circuit, as shown in Fig. 18, 
the voice-frequency signaling current coming from 
the cable causes 135-cycle signaling current to be sent 
out automatically on the north-bound land line by a 
special type of “composite ringer’? indicated in the 
upper right-hand part of this figure. The voice fre- 
quencies are received by a circuit similar to that just. 
described and operate a relay which connects a gene- 
rator of 135-cycle current to the land toll line, thus 
sending out this type of signaling current to call the 
distant operator. In through-line calls from the north 
135-cycle current is sent over the land toll line to Key 
West. Here it enters the composite ringer and operates 
the voice-frequency sending set which puts on the 
cable the voice-frequency currents described above. 
These currents are received at the Havana toll office 
in the circuits shown in Figs. 14 and 16 and cause the 
operation of the signal lamp L at the toll board. 

The receiving circuit for voice-frequency signals 
which is used in the case of terminating connections 
is included in the repeater unit. The composite ringers, 
which in the case of through-line circuits effect the 
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change from voice-frequency signaling on the cables 
to 135-cycle signaling on the land lines, are mounted 
on the upper right-hand side of the relay rack shown in 
Fig. 17. Below the composite ringers are two oscillator 
sets for furnishing the 950- and 1300-cycle currents 
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for telephone signaling over the cable, one of these 
Bane a spare unit. 
CARRIER TELEGRAPH 


A carrier telegraph terminal unit is permanently 
associated with each cable at both the Key West and 
Havana Offices. The circuits in the units used at 


Fig. 18—Carrier TELEGRAPH AND D-C. TrLEGRAPH PANELS 


the two terminals are the same, with the exception 
of the filters in the receiving branches. The carrier 
panels and their location with respect to the other appa- 
ratus are shown in Fig. 18. The four units containing 
vacuum tubes at the left of the row are the carrier 
telegraph units, one being a spare unit. ; 
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The arrangement of the complete carrier terminal 
circuit is shown in Fig. 19. The details of carrier 
telegraph circuits have been described in an earlier 
paper's and only the outstanding features will be men- 
tioned here. The armature of the sending relay’ 
is normally held against the contact a. Under this 
condition the oscillator transmits a steady high-fre- 
quency current through the amplifier and tuned circuit 
to the cable. When a “spacing” signal is transmitted 
over the subscribers’ sending loop, the armature of 
the sending relay moves to contact 6 which shunts 
the sending amplifier, interrupting the flow of high- 
frequency alternating current to the cable. A ‘“mark- 
ing” signal causes this armature to move to contact a, 
thus sending the high-frequency current out upon the 
cable. The sending relay, therefore, causes the signals 
transmitted over the land line by direct current to be 
converted into pulses of alternating current which 
are sent into the cable. 


The outgoing high-frequency current passes fenboden 
a two-stage amplifier, the last stage of which consists 
normally of one vacuum tube, either No. 7 or No. 8 
in Fig. 19. By means of a switch at the carrier panel, 
the second tube may be connected in parallel with 
the first to increase the current. The output of the 
transmitter is controlled by the interstage potentio- 
meter P. The current from the amplifier passes 
through a single tuned circuit, TC. in Fig. 19, which 
can be accurately tuned to the frequency of the out- 
going current by means of the adjustable condenser C3. 
The frequency of this current is control- 
led by the adjustable condenser C, in the 
oscillator circuit. 

At the other terminal of the cable the 
high-frequency alternating current passes | 
i «+ through the bridge transformer and _ re- 
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ceiving filter. Since the attenuation of 
the cable for the carrier currents is high, 
the received current is passed through 
a multi-stage amplifier before it reaches 
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The operation of the carrier telegraph channel may 
be stated briefly as follows: Direct-current telegraph 
signals received from a subscriber’s loop or other land 
line, actuate the sending relay in the carrier set, causing 
the oscillator to send through the cable high-frequency 
alternating current, interrupted in conformity with the 
signals. This alternating current enters the carrier 
receiving circuit at the other cable terminal, is rectified 
and actuates the receiving relay which sends direct- 
current telegraph signals into the associated land 


circuit. 


the detector which rectifies it and causes 
it to operate a sensitive receiving relay. 
As shown in Fig. 19, the receiving relay 
retransmits the signals by means of direct 
current over the subscriber’s receiving loop. 
The receiving circuit differs from that 
used in land carrier telegraph systems in the following 
features: Instead of the usual double tuned circuit 


Receiving Circuit 


15. Colpitts and Blackwell, loc. cit. 

16. For clearness and simplicity in showing the relation of 
the relays to the telegraph circuits the conventional represen- 
tation of relays shown in Fig. 19 has been used in this paper. 
It is to be understood that the windings shown within the circle, 
act to magnetize the armature which moves back and forth 
between the poles of a permanent magnet, its position at any 
time depending upon the polarity of the resultant magnetism 
in it. 
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for selecting the proper frequency, a narrow-band, 
highly selective fixed filter is placed before the ampli- 
fier. The gain attainable in the receiving amplifier 
is much higher than is provided in land-line systems. 
When less than the full gain is required tube No. 1 
can be cut out by means of a key. 

The sending and receiving carrier telegraph circuits 
work directly into subscribers’ loops at Havana. In 
through-line traffic, which is the only type of telegraph 
traffic now required at Key West, the carrier circuits 
are arranged to operate standard land-line duplex 
telegraph sets. The d-c. telegraph circuits from the 


carrier apparatus pass through jacks in the morse boards. 


for convenience in connecting them to any desired land 
lines or subscribers’ loops. 

The arrangement of Fig. 19 is that used for full- 
duplex operation, that is, when it is desired to transmit 
messages simultaneously in both directions over the 
cable. By means of a switch on the carrier panel 
the circuit may be adapted to half-duplex operation. 
In this case, messages can be transmitted over the cable 
in both directions but not simultaneously. 
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Fie. 20—Drrect-CurrentT TELEGRAPH CIRCUIT 


DIRECT-CURRENT TELEGRAPH 


A direct-current telegraph unit is permanently con- 
nected at each end of each cable as a repeater of tele- 
graph signals between the submarine cable and a land 
circuit. The four units at the right of Fig. 18 are the 
direct-current telegraph panels, one being a spare 
unit. A schematic diagram of the direct-current 
telegraph circuit arranged for repeating between the 
submarine cable and subscriber’s loops, is shown in 
Fig. 20. This figure shows the arrangment for full- 
duplex operation over the cable. 

In this telegraph circuit the separation of the send- 
ing and receiving branches is accomplished by the main- 
line receiving relay, which in its relation to these 
branches functions like a bridge transformer. Out- 
going signals to the cable divide at the points T, half 
the current passing through coils 1 and 2, and the other 
half passing through coils 3 and 4. These coils are 
wound so that with a good balance between the balancing 
network and the circuits on the opposite side of the 
relay, the armature A is not actuated by the sending 
currents. It is evident, however, from Fig. 20 that 
incoming signals from the cable will produce an addi- 
tive effect in passing through the relay coils and operate 
this relay. 
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The network K balances, for the frequencies involved 
in direct-current telegraph operation, the impedance 
between the points S and S’. Reference to Figs. 10 
and 20 shows that this includes the two halves of the 
filter G in parallel, the cable and the cable balancing 
network as well as the impedance at these frequencies 
of the telephone and carrier apparatus. The network 
contains a fixed portion to balance the filter G and an 
adjustable portion to balance the cable and the asso- 
ciated equipment just mentioned. The balance can 
be tested by observing the differential milliammeter C 
(Fig. 20) as signals are transmitted from the sending 
branch. 

Signals coming from the subscriber’s sending loop 
operate the sending relay which acts as a pole-changer 
to reverse the polarity of the 10-volt battery applied to 
the cable, in conformity with these signals. The low- 
pass filters F and G transmit freely all frequencies below 
about 80 cycles but practically prevent the passage 
of higher frequencies. They thus allow free passage 
of those components of the sending currents which 
are necessary for the operation of this system, but 
suppress those which might cause interference in the 
telephone and carrier channels. 

A feature of the receiving branch is the tandem 
connection of receiving relays. Incoming signals 
from the cable actuate the sensitive receiving relay 
No. land, as shown, in Fig. 20, the operation of this 
relay in turn actuates the receiving relay No. 2. 
The armature of receiving relay No. 2 acts as a pole- 
changer to transmit signals to the receiving loop. The 
larger energy available for the operation of this relay 
enables it to commutate successfully the compara- 
tively heavy currents which are transmitted into the 
land line. The networks connected between the arma- 
ture and the contacts of receiving relay No. 2 operate 
to suppress sparks at break. The purpose of the trans- 
former B is to quicken the action of the receiving relays. 

The circuit as shown in Fig. 20 and described above 
is adapted to working into two loops for a local tele- 
graph subscriber. Apparatus equivalent to a standard 
duplex set is provided in the telegraph panel so 
that by throwing a switch, the set may be 
adapted to duplex operation over a land line. This is 
the condition at Key West where all the telegraph 
circuits are continued northward. Switches are also 
provided in the panel for adapting the circuit to half 
duplex operation instead of full-duplex operation. 

The sending loops, the receiving loops and the 120- 
volt batteries of the land sides of the direct-current 
telegraph units are connected through jacks in the 
standard Morse Boards so that they may be available 
for cross-connecting or testing. 


AUXILIARY EQUIPMENT 
A jack panel and two testing panels in each terminal 
office provide means for testing the circuits and terminal 
apparatus and for changing their connections. The 
jack panel contains a system of jacks to which all 


Mar. 1922. 
circuits are connected and on which are terminated 
all important pieces of equipment such as amplifiers, 
filters, networks and bridge transformers. The testing 
panels contain an oscillator for supplying testing currents 
of telephone and carrier frequencies, transmission 
measuring apparatus for testing the telephone re- 
peaters and circuits, apparatus for testing the balance 
of the networks and lines, thermocouples and meters for 
measuring the carrier currents, a frequency meter for 
testing their frequencies and apparatus for testing 
the efficiency of the carrier terminal sets. In Fig. 15 
the jack unit is at the middle of the row of panels, 
with a testing unit on each side. 

A 24-volt storage battery furnishes current for the 
filament circuits of all the vacuum tubes in the tele- 
phone repeaters, carrier telegraph panels, ringer circuits 
and testing apparatus. Positive and negative 120- 
volt batteries are provided for the standard duplex 
sets and for the local circuits of the carrier and direct- 
current telegraph sets. The positive 120-volt battery 
also furnishes plate current for all vacuum tubes. 
Grid potentials for the vacuum tubes are derived from 
a small capacity 60-volt storage battery. A number 
of 10-volt batteries are provided for the direct-current 
telegraph circuits over the cables. All batteries are 
charged from the local power mains through mercury 
are rectifiers, with gas-engine-driven generators for 
charging in ease the electric power supply fails. Bat- 
tery circuits for supplying the terminal equipment pass 
through control apparatus mounted on the relay rack 
shown in Fig. 17. On the two sections at the left 
are rheostats for adjusting the filament currents of 
the vacuum tubes, with associated relays and resistances 
in these circuits, and also meters for measuring the 
filament and space currents and the voltages used. 
Another rack, not shown, carries the fuses and other 
protective equipment associated with the power supply. 


OPERATION 


The relation between ‘the total transmission equiva- 
lent of the telephone channel over the cables, the avail- 
able gains in the terminal amplifiers and the balance 
obtained between the cables and the balancing equip- 
ment was such that this channel could be operated at 
an efficiency materially higher than that required for 
connections terminating in Havana and Key West 
and also over a large range of current levels. As the 
cables were to be used in general as links in long circuits, 
the operating adjustments which were finally adopted 
were set rather by the circuits as a whole than by the 
cables. One of the cables was connected at Key West 
to a land line to form a direct New York-Havana 
circuit, a second cable to form a direct Jacksonville- 
Havana circuit and the third was arranged for a Key 
West-Havana circuit. 

The New York-Havana circuit was set to have a 
transmission equivalent of 12 miles of standard cable. 
As the New York-Key West section has an equivalent 
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of 10 miles, the net equivalent of the cable and terminal 
apparatus is only two miles. The Jacksonville- 
Havana circuit was set at 11 miles and the Key West- 
Havana at 10 miles. Switching through New York, 
operating equivalents are obtained for Havana-Chicago 
‘connections of approximately 16 miles and for Havana- 
San Francisco” of 20 miles. In addition to the sub- 
marine cables, the Havana-Chicago circuit contains 

“2453 miles (8940 km.) of land line and the Havana- 
San Francisco 4790 miles (7700 km.) 

With these equivalents, satisfactory commercial con- 
nections can be established not only from Havana to 
points on the eastern part of the United States, but also to 
the Pacific coast. The application of repeaters to the 
Cuban toll lines makes it possible to establish commercial 
connections from points along the island to points in 
the United States. While the majority of the telephone 
connections over the cables have been for calls between 
New York and Havana, commercial calls have been 
handled satisfactorily to points all over the United 
States, such as Boston, Washington, Chicago, St. Louis, 
San Francisco, New Orleans and Atlanta, also to 
Toronto and Montreal in Canada, and to points in 
Cuba such as Matanzas, Sagua, and Santiago. The 
traffic between New York and Havana has been so 
large at times as to require two of the cables to be used 
in direct New York-Havana circuits. 

The d-c. telegraph channels operate so well that their 
connection to land-line telegraph circuits from Key 
West to New York does not appreciably affect the maxi- 
mum speed of the circuit. The carrier-current tele- 
graph channels are good enough for the operation of 
four channel multiplex printers if it should be desired 
to use them for such service. 

In planning this cable system it was intended that a 
demand for more telegraph facilities would be met by 
increasing the number of carrier channels per cable. 
As has been noted, the initial apparatus and land 
connections provided for the commercial operation of 
only six telegraph channels, one d-c. and one carrier 
channel per cable, on the basis that this number would 
meet the initial service requirements. In order, how- 
ever, to obtain information regarding the operation 
of additional carrier channels and to provide spare 
telegraph facilities in case of cable failures, a fifth 
carrier telegraph set was provided at each terminal, 
together with special receiving selective circuits. With 
this apparatus three carrier telegraph channels were 
successfully operated over one cable, using frequencies 
up to 4200 cycles, for which the equivalent of the 
circuit between the terminal offices is 48 miles. It is 
possible that this number of channels can be further 
increased. The present arrangement of the carrier 


17. The transcontinental line has been improved since the 
publication of the paper ‘“Telephone Repeaters,’ Gehrardi and 
Jewett, Trans., A. I. E. E., 1919. The transmission equivalent 
of the New York-San Francisco circuit. is now approximately 
twalve miles. 
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telegraph apparatus makes it possible, therefore, to 
carry six telegraph channels over two cables or four 
over one cable. This will prove very useful in main- 
taining service in case of cable failures. 

At the time of the opening of service over these 
cables under the auspices of the Pan American Union, 
greetings were exchanged between the President and 
other officials of the United States at Washington and 
the President and officials of the Cuban government at 
Havana. In connection with this demonstration, the 
circuit was extended through New York and San 
Francisco to the Island of Santa Catalina, off the coast 
of California, in the Pacific Ocean. As this island is 
connected to the mainland by radio telephone'*, this 
connection, 5470 miles (8800 km.) in length, involves 
the radio connection through the air, a 5322-mile land 
line across the United States and the submarine cable 
from Key West to Havana. This circuit containing 
twenty-five telephone repeaters illustrates the possi- 
bilities of the present state of development of telephony. 

The work described in this paper involved the appli- 
eation of ideas from practically ‘all branches of the 
telephone and telegraph fields and from a number of 
organizations. The Western Electric Company was 
retained by the Cuban-American Telephone and Tele- 
graph Company as engineers and purchasing agents for 
the cables and to manufacture and install the terminal 
apparatus. The Cuban Telephone Company retained 
as consulting engineer Sir William Slingo, who also 
‘assisted the Western Electric Company in the inspec- 
tion of the cable during the manufacture and laying. 
The electrical design of the cables, the method of 
operation, the design and arrangement of the terminal 
apparatus and the adjustment of the system for opera- 
tion were the work of the engineers of the American 
Telephone and Telegraph Company and the Western 
Electric Company. The Telegraph Construction and 
Maintenance Company, Limited, of London, which 
manufactured and laid the cables, was largely respon- 
sible for the mechanical features of the cables, such as 
the design of the armoring for the different depths of 
water involved and the arrangement of the copper 
tapes. The recommendations of the engineering firm 
Clark, Forde and Taylor, retained by the Western 
Electric Company,were obtained on many of these 
including the routes to be followed. 


18. Clement, Ryan and Martin, ‘‘The Avalon-Los Angeles 
Radio Toll Circuit.’ Proc. I. R. H., Dee. 1921. 


ALINEMENT CHARTS 


BY GEORGE L. HEDGES 
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An alinement chart provides the simplest and most 
convenient means of solving many engineering equa- 
tions. It is simpler to use and usually much easier 
to construct than the ordinary curve graph. As an 
example the alinement chart herewith shows the 
efficiency-voltage relations of incandescent lamps from 
the equation 
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é; — 0.1700 ay 
é, — 0.1700 


(Eq. (2), Hisenmenger, “Simple Equations for the 
Lamp Performance,” Jour. A. I. EJ Es Dees 1921): 

Not all equations can be plotted as alinement charts. 
But any equation can be so plotted which can be 
expressed so that each term of the equation is the func- 
tion of a separate independent variable—that is in the 
form of 


V2/Vi = ( 


Fy) =F@+F@)+. 
in which the individual quantities F (y), F (2), ete. 
must contain only the one variable y, x, etc. respec- 
tively. There will be one axis in the alinement chart 
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EFFICIENCY-VOLTAGE RELATIONS OF INCANDESCENT LAMPS 


for each variable in the formula, the axes being gradu- 
ated to the values of the functions of the variables and 
marked with the corresponding values of the variables. 

The sample equation expressed for plotting as an 
alinement chart becomes 

Log V2/V,; = [0.428 log (e; — 0.1700)] 

— [0.428 log (e€2 — 0.1700) | 
As there are three variables the chart will have three 
axes. The outer axes are graduated with the values of 
0.428 log (e:— 0.1700) and 0.428 log (e,—0.1700) and 
are marked with the corresponding values of e; and e». 
The center axis is graduated with the values of log 
V./V, and marked with the corresponding values of 
V2/Vi. (Note that the ratio V,/V, is the variable for 
the center axis.) 

Bibliography. “The Construction of Graphical 
Charts,’ Peddle, Rose Polytechnic Institute, gives the 
theory of alinement charts and-of other ‘graphical 
charts. “Alinement Charts,’ Hedges, Machinery, 
panies 1918 describes methods of construction of such 
charts. 
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Skin Effect and Proximity Effect in Tubular Conductors 
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The effective a-c. resistance of tubular co 


lations, for large underground cables with no 
TY) 


nductors is required to be predetermined by designers, for radio instal- 
n-magnetic cores, and for electric furnace circuits. 


(See Hxamples I to 


For the above purpose, sets of curves are given in this paper. The skin effect ratio for isolated tubes is shown in Fig. 


1. For stranded conductors, the resistance must be multiplied also 


indicated in Fig. 2. 
to be used. A calcul 
in Fig. 3. 


by a ratio for the spirality effect, as is approximately 


When the return conductor ts near, a ratio for the proximity effect, as indicated in Fig. 3, is also 
ation for the proximity effect ratio for thin tubes is made, and the results are compared with tests 


Some of the requirements for future research work on skin effect are discussed. 
The conclusion ts expressed that it seems scarcely worth while providing a non-magnetic core with a 2,000,000 
cir. mil, 25-cycle cable in order to reduce the skin effect, but with the other cases considered, the tubular form seems very 


advantageous. 


HE effective resistance of tubular conductors 
to alternating current is desirable to know in 
at least three classes of work in electrical engi- 

neering: Namely in radio work, where small currents 
are to be carried at high frequencies; in the design of 
large 60-cycle single-conductor underground cables 
with non-magnetic cores; and in the design of electric 
furnace circuits where currents of the order of 30,000 
or 50,000 amperes at 25 and 60 cycles are to be carried. 
In all of these cases, tubular conductors of convenient 
shape may be designed, whose effective a-c. resistance 
will be not much greater than their d-c. resistance, 
while, if thetubular form were not adopted, the a-e. 
resistance would be from 30 to 200 per cent, or more, 
greater than the d-c. resistance. The large saving of 
copper by this device is obvious. However, the sav- 
ing does not seem worth while for 2,000,000-cir. mil, 
25-cycle cables. 

In this paper, curves are given by which one can 
estimate the a-c. resistance of tubular conductors of 
various kinds. The skin effect ratio for isolated tubes 
is shown in Fig. 1. For stranded conductors, the 
resistance must be multiplied by an additional ratio 
for the spirality effect, as is approximately indicated 
in Fig. 2. When the return conductor is near, a ratio 
for the proximity effect as indicated in Fig. 3, is also to 
be used. A calculation for the proximity effect in 
thin tubes is given, and the results are compared with 
tests. 

It is noteworthy that the curves and formulas given 
in this paper are not based directly on the frequency, 
size of conductor or specific resistance, but only on the 
ratio of f to Ra. where f is the frequency and R.. is 
the d-c. resistance in ohms per 1000 feet of the complete 
conductor. Thus, skin effect ratios measured at 
100,000 cycles are applicable to large 60-cycle con- 
ductors when their proportionate shape is the same, 
and the proportionate shape and position of the return 
conductors are the same. This principle was stated by 
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the writer in a previous A. I. E. E. paper,' and a mathe- 
matical proof of it was given by J. Slepian in a discus- 
sion of the same paper! on page 1401. 

The principle may be stated as follows: A conductor, 
or a combination of conductors, of a certain propor- 


f 


Rx will have a 


tionate shape and a certain value of 


ac 


dea j 


ductors and single-phase and polyphase circuits. 
If this principle of similitude is adopted by those 
making skin effect tests, they will plot their test results 


Ane 
Ra oF Ra 


as has been usually done. If the principle is adopted 
by designers who require to know skin effect values, 
they will make use of tests made on any size of con- 
ductors and at any frequency, and will correct them 
mathematically according to the principle of similitude, 
having confidence that the results so obtained will 
apply to their particular case. 

For the particular case of proximity effect in two 
tubular conductors forming a return circuit (See Fig. 3) 
i t 
Tea aed, 


definite value of This is true of isolated con- 


on a base of instead of on a base of f 


the resistance ratio depends on the ratios 


and — When these ratios have been determined, 


the proximity effect ratio is fixed. 

The principle is in agreement with the various 
calculated formulas for skin effect and proximity 
effect whether for wires, tubes or straps and whether 
isolated or in close proximity. In fact, the principle 
seems almost obvious to one calculating a skin effect 
formula, for the first step is often to calculate the volt- 
age drop due to resistance and reactance at any point 
of the cross-section of the conductor. On equating 


1 “Skin Effect in Tubular and Flat Conductors,” by H. B. 
Dwight, Trans. A. I. E. E., 1918, page 1398. 
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this to a constant, one finds that the distribution of 
current over the cross-section of the conductor depends 
on the ratio f/R... This is the basis of Mr. Slepian’s 
general mathematical proof referred to above. 

The writer has not seen any reliable test results of 
skin effect which tend to throw doubt on the above 
principle. In all tests published, the skin effect of 


Fig. 1—Sxin Errect 1n Isoratep TuBES AND WIRES 
Rdc in ohms per 1000 feet. 


round, non-magnetic isolated wires has been found to 
agree with the standard Bessel function formula within 
the limits of the errors of observation. Most experi- 
menters have first checked up the accuracy of their 
measuring apparatus by making this standard 
test, and this seems a logical and even necessary thing 
to do, for skin effect ratios are admittedly difficult to 
measure precisely. The measurements which, judged 
by this standard test, appear to be made the most 
accurately, show the closest agreement with the prin- 
ciple stated above. This applies also to the effect 
of the spirality of stranded conductors, which is, of 
course, only one feature of the shape of the conductors. 
It may be stated that the published tests made at 60 
cycles do not show the same evidence of good accuracy 
as tests made at higher frequencies. 

The curves of Fig. 1 show the skin effect in isolated 
tubes and wires. The skin effect in wires is well-known 
and a very complete and accurate table has been pub- 
lished by the Bureau of Standards.2 The curves for 
skin effect in tubes are based on those published by the 
writer (see Dwight, loc. cit., Fig. 3). The curves for 
wires and tubes given in the present paper are plotted on 


WV f/Ra which makes them much more useful for 
practical purposes. This method of plotting makes the 


2. Scientific Paper No. 169 of the Bureau of Standards, by E. 
B. Rosa and F. W. Grover, page 226. 
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curves independent of specific conductivity and 
temperature. The specific conductivity is difficult 
to measure precisely, as it depends on the small dimen- 
sions of the cross-section. On the other hand, the 
value of R,., the d-c. resistance per 1000 feet, is easy to 
measure precisely. The d-c. resistance of the con- 
ductor must be measured in every case in order to 
measure the ratio R’/R. The length of conductor 
whose resistance is taken is easily measured as it is 
several meters. This length and the d-c. resistance 
should always be stated when publishing skin effect 
tests. Thus, by plotting the curves on ~/f/Ra, 
they are made of almost universal application, being 
applicable to copper or aluminum, high or low conduc- 
tivity, high or low temperature, high or low frequency, 
large or small conductors and, except for spirality 
effect, solid or stranded conductors. 

The curves are plotted on / f/Ra. instead of f/Rac 
because this makes the curves of Fig. 1 approach 
straight lines as asymptotes. This is indicated by the 
following formula, which is based on that derived by 
the writer, loc. cit., page 1403. 


wi(q+tr 1 
tif 1 +4 


R'/R = WAR ES 


mr /2 
a 0 
gy Sie 2 + mr, * ea | ey 
where mr = ViTRan 4] oe SET ee (2) 
a tqt+r) 


where gq is the inside radius of the tube, r is the outside 
radius and t is the thickness (See Dwight, loc.‘cit., page 
1403) and where R,;, is the d-c. resistance of one cm. 


rspiralea 


Fie. 2—Sprrauity Errect Ratio In SEVEN-WIRE CABLES 
p = pitch of spirals. 
d = diameter of cable. 
Rdc in ohms per 1000 feet. 


of the conductor in absohms. Note that Ra, = 32,800 
xR. in ohms per 1000 feet. Equation (1) is applicable 
for large values of /f/R.. and it may be used to give 
approximate values of R’/R for parts of the curves 
beyond the range of Fig. 1. While Fig. 1 has been 
drawn up to cover as broad a range as possible, yet there 
are cases in which the value of t/d is extremely small, 
where it may be more convenient to use the curves 
of the writer’s previous paper, loc. cit., Fig. 3. 
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SPIRALITY EFFECT 


As previously mentioned, the stranding of a con- 
ductor and the spiraling of the strands are features 
of the shape of the conductors. Therefore, a curve 


plotted on ./f/Ra. will show the effect of stranding and 
spiraling for a certain proportionate shape. Accurate 
tests have been published for seven-wire cables with 
both long and short pitch of Spiraling’ and the results 
are shown in Fig. 2. A test on a larger seven-wire 
cable made up to 5000 cycles‘ shows similar results. 
It is seen that even when the spiraling has a very 
short proportionate pitch, as in the case of the curve 
p/d = 8, only a small per cent is added to the acc. 
resistance of an unspiraled or solid conductor of the 
same cross-section, for the range covered by the tests. 
It has been shown by very accurate measurements 
(Kennelly and Affel, loc. cit., Fig. 10 and page 536) that 
the mere fact of dividing a conductor into parallel un- 
spiraled strands touching one another does not increase 
the a-c. resistance appreciably. The increases shown in 
Fig. 2 are evidently due to the angle of spiraling and are 


Fic. 3—Proximity Errect Ratio IN TUBES 


Rdc in ohms per 1000 feet. 
iE, S/d = L205 t/d = 0 (calculation). 


II. s/d =1.008, t/d =0.125 (test). 
Tite sae — 225 t/d = 0 (calculation). 
UW Syl = aD) t/d = 0 (calculation). 
Vv. s/d =2.03, t/d = 0.125 (test). 


approximately inversely proportional to the pitch of the 
spiral. From the above it appears that Fig. 2 can be 
used to some extent at least for approximate results 
with cables of more than seven wires, and with 
stranded conductors with non-magnetic cores, that 
is, with stranded, tubular conductors. 
The increase due to spirality is only a small fraction 
of the usual increase due to skin effect in a solid con- 
ductor, and it is, therefore, even more difficult to 
measure with precision. When tests at 500 cycles 


3. A. E. Kennelly and H. A. Affel, Proceedings of the Institute 


of Radio Engineers, May, 1916. Fig. 17. 
4, A. E. Kennelly, F. A. Laws and P. H. Pierce, TRANSACTIONS 


A. I. E. E., 1915, page 1970, Table VI. 
5. W. I. Middleton and E. W. Davis, JourNat of the A.LEH.E., 
Sept., 1921, page 760, Table VII. 


DWIGHT: TUBULAR CONDUCTORS 


205 


show a ratio due to skin effect plus spirality effect of 
1.07 to 1.1 for a seven-wire cable of 0.0457 ohm per 
1000 ft.,° and when it is known that this cable, if 
unspiraled, would have a calculated skin effect ratio 
of 1.284, the low test value can be ascribed only to an 
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Fig. 4—Proximrry Errect Ratio In WirRES 
Rdc in ohms per 1000 feet. 


error in measurement. The possibility that there are 
errors in measurement in the low-frequency testsreferred 
to is also indicated by the fact that measurements of 
the same a-c. resistance sometimes differ by as much as 
8 per cent (See Table IX, Middleton and Davis, loc. cit., 
The conclusion stated by the authors that a seven-wire 
cable has much less skin effect than a cable of the same 
size in circular mils but with a larger number of smaller 
wires, and, in general, that copper cables with coarse 
strands have less skin effect than cables with fine 
strands, is quite untrustworthy. It is a generaliza- 
tion from a single test, and that test result is in direct 
contradiction to the proved accurate results of refer- 
ences 8 and 4. 


PROXIMITY EFFECT 


When conductors are comparatively close together, 
there is an increase in their a-c. resistance caused by 


See 


Fig. 5—Cross-Section oF Return Circuit or Turn Tuses 


the distortion of current due to their proximity. The 
proximity effect ratio may be defined as the ratio of 
the a-c. resistance when the conductors are near each 
other, to their a-c. resistance when they are isolated. 
So far as the writer is aware, only two or three tests 
have been published which show the proximity effect 
in tubular conductors. In the following paragraphs, 
mathematical formulas are developed for the proximity 
effect ratio of two extremely thin tubes forming a 
return circuit. The calculated results are plotted in 
Fig. 3, together with test results. The curves in Fig. 
4, which are somewhat similar, show the proximity 
effect. ratio in wires. From the above data, an approxi- 
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mate estimate can be made of the proximity effect ratio 
in tubular conductors in a given case. 

As in the calculation of the formulas developed by 
the writer for skin effect in tubes and thin straps (Dwight, 
loc. cit., pages 1380 and 1392), a uniform current 
density over the section will first be assumed, and then 
successive increments of voltage drop and current will 
be calculated to agree with the actual condition that the 
voltage drop is uniform over the section. 

The calculation applies to the case in which the 
ratio of the thickness of the tube to its diameter is very 
small. In such a case, the change in current density 
from the inner surface to the outer surface is inappreci- 
able compared with the changes in current density in 
different parts of the tube, due to the proximity of the 
return conductor. 

The reactive drop at the point P, Fig. 5, due to a 
uniform current density b) absamperes per sq. cm. in 
both tubes, is equal to 


s a a 
w4m boat | logh vas 1 = 008 0 + ae C08 2 8 


ae 
+ 3 gr 608 30+. , | 
abvolts per cm. (3) 
where w =27f (4) 
f = frequency in cycles per second (5) 
and t = thickness of the tube. (6) 


The reactive drop at P due to a current density 
c, cos n 6 absamperes per sq. cm. in both tubes is 


oe. cos n 8 a” Be @ 
jP en p | 7 ae [1+ Fp Seon 
+ 2 EA E0052 6 
n(n+1)(n+2) a 
a 73 3 COSiD.0 seek ae | 


abvolts per cm. (7) 
where n is not equal to zero, p is the specific resistivity 
of the conductor material in absohms per cm.?, (8) 


20 f 
, (9) 


a2rat 
p 


FR being in absohms per cm. The angle 6 is measured 
from the line joining the centers of the tubes. 

Expressions (3) and (7) are derived in a manner 
similar to that used by H. L. Curtis® in calculating the 
proximity effect between wires for values of +/f/Ra. 
up to 140 (Rz. in ohms per 1000 ft.) 

Assume that a current of uniform density, by abs- 
amperes per sq. cm., flows in the tubes. The reactive 
drop at any angle 0 is given by (3), and the total current 
is 27atb) absamperes. Now assume a current of 
density b; whose resistance drop is equal and opposite 


and ? = 


6. Scientific Paper No. 374 of the Bureau of Standards, 
Washington, D. C., 1920, by H. L. Curtis. 
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to the terms in 6 of (3). The reactive drop at any 
angle @ due to b; is obtained by applying equation (7) 
to the various terms in the expression for b}. Numerical 
values of the coefficients for the Fourier series in 
cos 6, cos 2 9 ete., may be written down for a given 
value of s/a. Thus, when s/d = 2(d = 2a), the 
reactive drop at angle 6 due to bd; is 


(7 2)? 2 bo p [s 0.06350 + 0.23387 cos 6 
+ 0.01152 cos 2 6 + 0.00069 cos 8 6 
— 0.00002 cos490— .. ‘| 


abvolts per cm. (10) 
The term independent of § in formula (10) is 
(7 2)? 2 by p (— 0.06350) 
which is obtained from the series 


2 
Gh)*2 bo e[ — Se — gegim Begs 
(10a) 


This series is applicable for any value of s/a, 
and when s/a = 4 (s/d = 2) it gives 
+ 142b. p X 0.063504 
=.0g Fie x Oo Ler 
as in the second term of equation (13). 
Since 6; contains only terms in cos @, cos 2 8, etc., 
the total current due to 0}, is zero, as is shown by the 


integral 
2a 


f cosn 649 =0 (11) 
0 

The process is continued by calculating the currents 

b., bs ete. The series for I Z’ will be composed of the 

terms independent of 6 in the various’ expressions 
similar to (10). 


N Z a ee 
Ow IR =2 7% at do eee 


Ate = bo p (12) 
By dividing this into the series for J Z’, we obtain the 
series for 
R’ + 7X’ 
lta = ec 
The real terms give a series for R’/R. 
Thus, when s/d = 2, 
R’'/R = 1 + 0.12701 l4— 0.10965 18 + 0.09599 22 
— 0.08485 7'* + 0.0742 129 — 0.0653 I24 
apes cont ie (13) 
When s/d = 1.5 
R'/R = 1 + 0.22872 l4 ~— 0.17337 18 + 0.13619 
— 0.10804 6 + 0.0860 2° — 0.0684 124 


rhe xe (14) 
When s/d = 1 


R’'/R = 1 + 0.53530 lt — 0.25686 18 + 0.15408 2 
— 0.0961 1! + 0.0604 20 — 0.0381 [24 
big aa (15) 
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Now, from equation (9), 

, l= V/f/RV2n 
when F is measured in absolute units. 
that the value of skin effect depends on 
f/R is self-evident for this type of circuit. 

Equations (13) to (15) can be evaluated for values 
of J less than 1, that is, for values of ./f/R,. less than 
about 72 (R.. in ohms per 1000 ft.). Note that in this 
calculation the a-c. resistance when the tubes are 
isolated is the same as the d-c. resistance, since the 
tubes are assumed to be very thin. 

Curves I, III and IV calculated as above for s/d 
= 1, 1.5 and 2 are plotted in Fig. 3 and are shown in 
comparison with test curves II and V, the data for 
which are given in Table VIII, of the paper by Kennelly, 
Laws and Pierce, loc. cit. 

The curves for the proximity effect of wires (defined 
as i’/Risolatea) are not very different from those for 
tubes, when they are plotted on ./f/Rz. In Fig. 4are 
plotted test curves described in Table V, Kennelly, 
Laws and Pierce, loc. cit., (s/d = 1.03, 1.68, 6.5 and 
18), Table VI, Curtis, loc. cit., (s/d = 1.06, 1.27, 2.03 
and 3.0) and a calculated curve for s/d = 2.0 published 
by J. R. Carson.’ 

These curves should be of some use in estimating the 
proximity effect in tubes, especially when the tubes 
are thick. . 

From the above it appears that there is opportunity 
for very useful measurements to be made of skin 
effect, spirality effect and proximity effect of tubular 
conductors as well as other types of conductors. The 
electrical engineering profession is much indebted to 
those who have made the tests so far published. These 
investigators have for the most part done their work so 
accurately that future tests, in order to add to our 
knowledge of the subject, must be made with very great 
precision and accuracy. Test results should not be 
presented as isolated results for certain sizes of con- 
ductor only, but they should be presented as general 
curves, applicable to all frequencies and all sizes of 
conductors or circuits of the specified shape. If there 
is any doubt in the minds of the investigators as to the 
propriety of doing this, they should remove such doubt 
by making a series of tests to check up the matter. 

In this connection, it is necessary to point out that 
the “penetration formula” advocated by Middleton 
and Davis, loc. cit., isa formula which had been origi- 
nally calculated and intended for very high frequencies, 
and it is inaccurate and liable to give rise to misleading 
results if used for large conductors at 60 cycles. This 
can be shown by plotting the results of the penetration 
formula alongside of the curve for solid wire in Fig. 1. 

In deriving the penetration formula for solid wire, 
one starts with the high-frequency, asymptotic formula 
(1) of this paper, first making it applicable to solid 
7, “Wave Propagation over Parallel Wires: The Proximity 
Effect,” by J. R. Carson, Philosophical Magazine, April, 1921, 
page 632. 


(16) 
The principle 
the value of 
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wires by putting t = r and q = 0. Next, discard all 
the terms of the series in the bracket except the first 
two, thus obtaining the equation of the straight line 
which is the asymptote to the curve of R’/R. This 
involves considerable error at low frequencies, where 
the curve of R’/R departs from a straight line, as is 
seen in Fig. 1. But there is another error, or approxi- 
mation, still in the penetration formula. If R’ is 
equal to the d-c. resistance of a tube of outer radius r 

and thickness ¢, 


(15) 


In order to compare this with (1), the reciprocal of - 
(1) is expanded by the binomial theorem, assuming that 
m r is large, and the series is written 


ed De 
mr /2- 


The combined effect of the two approximations is 
found by plotting the results on Fig. 1. Besides 
giving actual errors for solid wires, the penetration 
formula as used by Middleton and Davis, loc. cit., 
(formula B), has the following disadvantages: 

In using the constant 0.00384 for cables, it is assumed 
that the specific resistance of a mixture of copper and 
air such as the cable, is the same as the specific resistance 
of solid copper, but this is not the case. (This 
assumption is made also in Table II, Middleton 
and Davis, loc. cit.) By specifying the single con- 
stant 0.00384 for copper, no allowance is made for 
copper of low conductivity, or for changes in tem- 
perature, and these items are of considerable im- 
portance. By taking the penetration from the 
center line of the outside wires, an arbitrary assump- 
tion is made in order to make a few readings more 
consistent. The impression is given that the penetra- 
tion formula can be used to determine the skin effect 
ratio of tubes, which is not at all correct. 

The curves of Fig. 1 overcome the above disad- 
vantages of the high-frequency penetration formula. 

A 2,000,000-cir. mil cable, whose increase in resist- 
ance due to skin effect is of the order of 30 per cent at 
60 cycles, is evidently worth while redesigning in 
order to reduce the skin effect. The increase in cost 
of manufacture and installation of the lead-covered 
cable due to the larger outside diameter when designed 
as a tube must be balanced against the decrease in 
cost due to less copper being required for the same a-c. 
resistance. In order to make such a comparison it is 
necessary to have a method of determining the skin 
effect in various designs of tubular conductors, and 
curves such as those of Fig. 1, together with curves to 
give a correction for spirality effect provide such a 
method. (See Example III.) 

Care should be taken not to allow a cable carrying 
a heavy current to approach any magnetic material 
when precise measurements of the resistance loss are 


208 


being taken. If the cable is near a steel beam, or 
possbily even a number of nails in a wooden floor on 
which the cable might be lying, an appreciable increase 
in the effective resistance could be caused. 

It is to be hoped that further precise tests of skin 
effect will be made, so that the curves required in 
designing can be made more accurate and more 
complete. 

EXAMPLE [| 

Find the a-e. resistance at 60 cycles of a non-flexible 
lead for a 15,000-ampere resistance furnace. With 
certain types of furnace which have a long, narrow 
shape, it is necessary to construct such a lead 40 or 50 
feet long parallel to the furnace and about 6 feet away 
from it. The furnace is itself the return conductor, so 
that interlacing is impossible. 

First assume a round, solid conductor with average 
current density 1000 amperes per sq. in., that is, with 
15 sq. in. cross-section. 

Ri. = 0.00072 ohm per 1000 feet at 100 deg. cent. 


J/f/Raz = 288 and \/f/Ras = 1.59 
R’/R  =1.59/r + 0.25 = 3.07 by formula (1). 
The proximity effect ratio is 1.03, since s/d = 16 
(See Fig. 4). 

Therefore, the a-c. resistance of the solid, round 
conductor is 0.0023 ohm per 1000 feet. The a-c. 
resistance of a bundle of cables is practically the same 
as that of the solid conductor. The a-c. resistance of 
any non-tubular form of conductor, such as a group of 
ventilated straps, is very much greater than the d-c. 
resistance and so it is worth while considering a tubular 
conductor, as in the following paragraph. 

Assume that the conductor is a tube of 12 inches 
diameter, made of copper sheet 0.35 inch thick. 
Section = 12.8 sq. in. 


Rac = 0.00084 ohm per 1000 feet at 100 deg. cent. 
t/d = 0.029 

Jf] Rae = 267 

Therefore, R’/R = 1.05 from Fig. 1. 


Since s/d = 6, the proximity effect ratio will be of the 
order of 1.1. (See Fig. 3). 

The a-c. resistance of the tube at 60 cycles is thus 
about 0.0010 ohm per 1000 feet. The tubular con- 
ductor is seen to have double the a-c. conductivity of the 
non-tubular form, although the weight is 15 per cent 
less. The weight could evidently be reduced still 
further. 

The large diameter of the tubular lead reduces the 
reactance and raises the power factor of the 60-cycle 
furnace load, which is sometimes desirable. If the 
heated air and the radiation from the furnace cause the 
lead to run too hot, the tubular shape is advantageous 
in that cool air from outdoors can be blown through it 
by a ventilating fan. 

EXAMPLE II 

To estimate the a-c. resistance of a flexible electric 

furnace lead for 30,000 amperes. 


DWIGHT: TUBULAR CONDUCTORS 


Journal A. I. E. E. 


First, if the lead is composed of a bundle of bare 
cables tied closely together, with the average current 
density in the copper equal to 1000 amperes per sq. in., 
the value of R,. for the lead will be 0.00036 ohm per 
1000 feet at 100 deg. cent. This depends directly on 
the fact that the cross-section of the copper is 30 sq. in. 
At 60 cycles 

JiR =408 and /f/Ra. = 2.25 

R’/R = 2.25 ./a + 0.25 = 4.25 from formula (1). 
The spirality effect ratio will be comparatively small, 
being of the order of 1.2. The proximity effect ratio 
for a three-phase circuit will not be greatly different 
from that for a return circuit indicated in Fig. 4. This 
ratio will also be small, being of the order of 1.03 if 
the leads are 6 feet apart, s/d being about 19. 

The a-c. resistance of the lead is therefore approxi- 
mately 0.0019 ohm per 1000 feet. 

Second, if the lead is designed as a hollow, flexible 
cylinder composed of 70 cables of 400,000 cir. mils each, 
held apart by 20-inch circular spacers, the total section 
of copper is 22sq.in. Therefore, Ra. = 0.00050 and 


VWf/Rac = 346 at 60 cycles and 100 deg. cent. 

The cylinder made up of a single layer of cables is 
quite similar to a tube of thickness 0.72 inch or less so 
thatet/d.= 02034» Therefore from) Fig SRG 
= 1.20. The proximity effect ratio is about 1.2, as 
may be seen from Fig. 8, taking s/d = 3.4 Thespiral- 
ity effect ratio is of the order of 1.2 as for the more 
compact bundle of cables previously considered. 

The a-c. resistance of the flexible tubular lead is, 
therefore, approximately 0.00086 ohm per 1000 feet. 

It is seen therefore that the tubular lead, which has 
25 per cent less weight than the non-tubular form, has 
over twice as much a-c. conductivity. Since the 
tubular lead is very well ventilated, its weight could 
doubtless be cut down considerably. The exact dimen- 
sions used above are for an example only to show the 
method of estimating the a-c. resistance. 

The writer understands that this tubular form of 
flexible lead has been constructed and _ successfully 
used with electric furnaces and that it is sufficiently 
flexible for the purpose. A little calculation will show 
that its reactance is enough less to increase the power 
factor of the furnace load appreciably. An easy 
method such as the one here given of estimating the 
greatly increased conductivity of tubular leads com- 
pared with more usual designs should help make them 
be applied more frequently. 

EXAMPLE III 

To find the a-c. resistance at 60 cycles of a 2,000,000 
cir. mil cable both without and with a non-conducting 
core. 


Rie = 0.0054 ohm per 1000 feet. 

Vf /Rae ="106 

R'/R = 1.29 for the coreless cable, from Fig. 1. 
Therefore the a-c. resistance is 0.0069 ohm per 1000 


feet, neglecting spirality effect. 


as 
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Ttra 2,000,000-cir. mil tubular cable be wound on a 
non-conducting core 1.125 inches in diameter, the 
outside diameter, d, of the copper will be approxi- 


mately 1.96 inches. 


Therefore, ¢ = 0.417 inch and ijde—" (2198 


Asabove, 4/f/Ri. = 106 


and therefore, from Fig. 1, R’/R = 1.08. Thus the 
a-c. resistance is 0.0058 ohm per 1000 feet, neglecting 
spirality effect. 

The spirality effect ratio would be small for both the 
above cases since \/f/Ra. = 106 (See Fig. 2). 


EXAMPLE IV 


To find the a-c. resistance at 25 cycles of a 2,000,000- 
cir. mil cable both without and with a non-conducting 
core. 


Ra = 0.0054 ohm per 1000 feet. 
V/f/Rae = 68 
R’/R = 1.068 for the coreless cable, from Fig. 1. 


Diameter of copper = 1.67 inches. Assume that a 
return conductor is at a distance of 8 inches, center to 
center. Then s/d = 4.8 and the proximity effect ratio 
is about 1.010 (See Fig. 4). The spirality effect at 25 
cycles is practically negligible (See Fig. 2). 

Second, assume that a non-magnetic core of 0.625 
inch diameter be provided, as recommended in Table 
XV, Middleton and Davis, loc. cit., for a 2,000,000- 
cir. mil cable at 25 cycles. The diameter of the copper 
is increased to 1.78 inches and from this 


t/d = 0.324 
»/f/Rae = 68 and therefore, 


hy = 1-035 from Fig. 1. 

’ As before, the spirality effect is practically negligible. 
The proximity effect ratio, as given by Fig. 3, is about 
1.015. The slight increase in proximity effect is due 
to two reasons. First, the value of s/d has been 
decreased to 4.5 and, second, a comparison of Figs. 
3 and 4 shows that the curves for tubes are slightly 
higher than those for wire, as would be expected from 
the nature of the problem. 

Providing a non-magnetic core as above has there- 
fore decreased the a-c. resistance 2.8 per cent as regards 
Fig. 1, increased the a-c. resistance 0.5 per cent as 
regards Figs. 3 and 4, and increased the diameter of the 
copper 6.6 per cent, thus increasing the surface for 
heat radiation slightly. 

From these results, it does not seem to be worth while 
to put a non-magnetic core in a 2,000,000-cir. mil, 
25-cycle cable in order to reduce the skin effect, and 
still less worth while in a 1,500,000-cir. mil, 25-cycle 
cable as recommended in Table XV, Middleton and 
Davis, loc. cit. Theskin effect ratio of the latter cable, 
without a core is 1.03. 


Now 
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HARNESSING THE RIVER RHONE 


Detailed information regarding the harnessing of 
the River Rhone for power, navigation, and irrigation 
is contained in a report just received by the Department 
of Commerce from Commercial Attaché W. C. Hunting- 
ton, at Paris. 

An outline of France’s wealth in waterpower is given, 
with particular reference to the River Rhone as the most 
important source of potential hydroelectric power in 
France. The report also includes a history of the utili- 
zation of the Rhone and an explanation of a new law 
applying to the power development of this river. 
Estimates place the total cost of the proposed develop- 
ments at 1,848,000,000 frances. The financing of this 
project will be accomplished by a gradual carrying out 
of the entire scheme, extending over a period of years. 

Practical steps have already been taken toward the 
establishment of a great national Rhone development 
company, and there is little doubt that force of circum- 
stances will compel the development, in one form or 
another, of this national resource. 

Copies of the above report and of the law authorizing 
the power development of the River Rhone, together 
with an outline of the progressive financing scheme for 
the project, may be obtained from the Electrical Equip- 
ment Division of the Bureau of Foreign and Domestic 
Commerce or from the Bureau’s district offices. 


RESISTANCE OF BATTERY SEPARATOR 
PLATES 


Measurements of separator resistances on a number 
of samples of different kinds of wood, made by the 
Bureau of Standards, have been completed. A com- 
parison of these results with ones obtained on 
similar samples last May shows excellent agreement 
and prove that the method for measuring the re- 
sistance is reliable. The soft woods, such as popar 
and basswood, have the lowest resistance, cedar and 
cypress, on the other hand, have considerably higher 
resistance but are known to have better lasting qualities 
when used in storage batteries. 

In determining the endurance of the separators in 
sulphuric acid solutions of different densities, a number 
of samples have been cut to a specified size and im- 
mersed in an acid solution of known concentration. 
One set is being kept at room temperature and a similar 
set at 45 deg. cent. At the end of periods of 1 month, 
3 months, and 6 months, samples will be withdrawn to 
determine the decrease in tensile strength. 


It has been definitely shown that very accurate 
control of the temperature of molten metal is necessary 
in the determination of gases evolved in vacuo. The 
higher the metal is heated above its melting point the 
greater the quantity of gas evolved in a given time. 
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Condenser Discharges Through a General Gas Circuit 
BY CHARLES P. STEINMETZ 


Fellow, A. I. E. E. 
Chief Consulting Engineer, General Electric Company, Schenectady, N. Y. 


Review of the Subject.—Any change in the electrical 
conditions of a circuit, whether internal, such as a change of load, 
starting and switching operations, short circuits, or external, 
such as due to lightning, involves a readjustment of the stored electro- 
magnetic and electrostatic energy of the circuit, that is a so-called 
transient. Such transient is of the general character of a condenser 
discharge through an inductive circuit. The phenomenon of the 
condenser discharge through an inductive circuit therefore is of 
the greatest importance to the engineer, as the foremost cause of 
high-voltage and high-frequency troubles in electric circuits. 

With the development of radio communication—whether wireless 
or wired—the condenser discharge through an inductive circuit 
has assumed a great additional importance since, with the exception 
of a few of the highest power transoceanic stations, which use 
power-driven high-frequency alternators, the source of power in 
all radio communication is the condenser discharge through the 
inductive circuit, whether as a damped wave or as an undamped 
wave. In undamped wave radio communication, the condenser 
discharge circuit is coupled with a source of electric power—a 

. battery—in sucha manner, that, without interfering with the char- 

-acter of the oscillation, sufficient energy is fed into the circuit 
to maintain the oscillation, similarly as in the clock, the pendulum 
ts coupled with a source of mechanical power—weight or spring— 
so as to maintain its oscillation undamped. 
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The condenser discharge through an inductive circuit is thus one 
of the most important phenomena with which the electrical engineer 
has to deal. 

The classical equations of the condenser discharge through an 
inductive circuit were given a very long time ago, and are contained 
in all text books. 

According to them, if the ohmic resistance r of the circuit is 


L 
greater than a certain critical valuery = 24] Wire the discharge is 


unidirectional and non-oscillatory, that is, the voltage and current 
gradually die out without ever reversing in direction, and vanish, 
theoretically, after an infinite time, as illustrated in Fig. a for the 
case r = 1:57». 

If the ohmic resistance r is less than the critical value ro, the dis- 
charge is oscillatory, that is, voltage and current perform a series 
of oscillations of gradually decreasing amplitude, but constant 
frequency, each half wave being less than the preceding one by a 
constant percentage, until finally, after a theoretically infinite 
number of half waves, the current and voltage become zero, as illus- 
trated in Figs. b and c. Fig. b shows a rapid damping, due to 
the resistance of the circuit being not much less than the critical 
resistance, r = 0.5 70; and Fig. c shows the slow damping that is, 
the more sustained oscillation, appearing in a low-resistance 
circuit, r = 0.1 7ro. The half waves of current and of voltage are 
not sine waves, but are the product of a sine wave and an exponen- 
tial, due to damping effect of the resistance, therefore the first part 
of each half wave is greater than the last part, and the maximum 
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is not in the middle, but before the middle, as is best seen in Fig. be 

These classical equations of the condenser discharge however 
apply only when the resistance of the circuit is constant, or prac- 
tically so, that is, when all the energy disstpation occurs in a metallic 
or electrolytic resistance; that is, a resistance consuming a voltage 
proportional to the current, and in which therefore the voltage drop 
in the resistance becomes zero for zero current. These classical 
equations however do not apply even approximately, when the re- 
sistance of the circuit is not constant but varies with the current, 
as is the case in a gas circuit, such as a spark gap, vacuum tube, 


Fig. B 


etc., as has been pointed out before. It is rarely that the condenser 
discharge through an inductive circuit does not include, at least, 
as a part of its energy-dissipating resistance, a gas circuit. 

The usual method of producing a condenser discharge through 
an inductive circuit is gradually to charge a condenser from a 
source of electric power, until the condenser voltage has risen 
sufficiently high to jump a spark gap (the rotary gap, or quenched 
gap of the damped wave wireless for instance) and thereby dis- 
charge through the inductive circuit. In lightning disturbances 
of electric systems, and in high-voltage high-frequency disturbances, 
due to internal causes, an arc or spark discharge almost always 
as in circuit. The discharge of the lightning arrester which 
protects electric circuits, generally, occurs over a spdrk gap. In the 
production of undamped waves for radio communication, a vacuum 
tube is in circuit. The path of the lightning discharge in the clouds, 
or between clouds and ground, is entirely within the air, and the 
voltages and currents induced in transmission lines by the lightning 
flash naturally follow the voltage and current wave shape of the 
lightning flash, which is not that of the classical equations. A 
condenser discharge containing no gas path, like that of the bound 
charge of an overhead ground wire, set free by a cloud discharge, 
ts rare 
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Obviously the larger the part of the total energy dissipation of 
the condenser discharge which occurs in a gas path, the more the 
discharge equations differ from the classical equations, so that, 
while the latter may give a fair approximation when the gas path 
constitutes only a small part of the energy dissipation, when it 
represents all or a large part of it, the classical equations become 
unsatisfactory. In view of the high industrial importance of the 
condenser discharge through an inductive circuit, and the relatively 
small amount of work done on the general equations of a condenser 
discharge through a non-ohmic resistance, a further study of it 
appears appropriate. 
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hit ae eae ene resistance, that is, a resistance 
“resistance’’, and deal si By) = ae ON the term 
4 ith the relation between the current i and 
the voltage E. Thus, the general differential equations of the prob- 
Aenea aa Gael Mansy by adding a term E, 
the non-ohmic resistance — aoe a a ae ish bee, 
; ts voltage E is a function of the cur- 
rent v, and often also of the time t—where there is a lag of the effective 
resistance, that is an asymmetry between rising and decreasing 
current. As i also is a function of the time, E is a function of the 
time, and can be expressed by a Fourier series (multiplied by an 
exponential). This gives a general differential equation, which 
is integrated by the product of exponential function and Fourier 
series, and the constants of the integral equation—the integration 
constants and the indeterminate coefficients of the Fourier series— 
then follow from the terminal conditions, that is, the values of current 
and condenser voltage at time zero, and the relation between E and i 
in the gas path, that is, the volt ampere characteristic of the gas 

path, as shown in the mathematical part of the paper. 

The general characteristics of the current flow through a gas 
circuit—arc, spark, vacuum tube, etc.,—is that the effective resist- 
ance”’ is not constant, but varies with the current, decreases with 
increases of current and becomes infinite: for zero current. Or, 
considering the relation between current and potential drop, that 
as, the volt-ampere characteristics of the gas path—as more satis- 
factory in such circuits—the current is not proportional to the 
voltage, but no current (except a negligible ionic current) flow until 
a finite voltage E,—the -ionization voltage or disruptive voltage 
of the gas path—is reached. Then the current begins, and with 
increase of current, the potential drop across the gas path either 
remains approximately constant (as shown in oscillograms 1 and 
2, low vacuum tube), that ts, the effective resistance decreases inverse 
proportional to the current, or the potential drop decreases with 
increase of current (as shown in oscillograms 3, high vacuum tube), 
that is, the effective resistance decreases more than inversely pro- 
portional to the current. With decrease of current, the potential 
drop then increases again, to the final value EH, at zero current 
(EB, usually being smaller than E,). At the reversal of the current, 
the potential drop across the gas circuit thus suddenly changes, from 
E, to — Fi, that is, shows a discontinuous or abrupt change by 
E, + E2, as shown by the oscillograms. 

There can be no instantaneous voltage change at the condenser, 
since such would mean an instantaneous change of condenser charge, 
and thus an infinite current. The change of potential drop across the 
gas path, at zero current, thus must be neutralized by an equal but 
opposite instantaneous change of the inductance voltage, and as the 
inductance voltage is proportional to the rate of change of the current, 
the rate of change of current, that is, the slope of the current wave, 
must abruptly change at the current reversal. Wherever therefore 
agas path is in circuit the slope of the current wave abruptly changes 
at zero current, as shown in the oscillograms and frequently ob- 
served before, though its meaning has not always been realized. 
The voltage and current waves however must remain continuous. 


As it is not possible to integrate over a discontinuity, the integral 
equations of the condenser discharge through a circuit containing 
a gas path can apply only for one half wave of current. It there- 
fore is not possible to get a set of equations to represent the complete 
discharge, but for every half wave of current of the discharge, a new 
set of equations applies, as shown in the numerical examples. 
In general the equations of discharge current and voltage are of the 
same form throughout, but have different cons ants for every half 
wave. The constants for the first half wave are derived from the 
initial terminal conditions, that is, the values of current and con- 
denser voltage at the beginning of the discharge. The constants 
of the second half wave are derived from the final values at the end 
of the first half wave as initial values of the second half wave, and 
80 on. 

As the frequency is one of the constants derived from the terminal 
conditions, the different terminal conditions of the successive 
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half waves may give different values of frequency for the different 
half waves of the same discharge. This is the case, and the frequency 
that is, the durat on of the successive half waves is not the same, but 
the frequency decreases. In other words, the duration of the suc- 
cessive half waves, or the wave length, increases, especially towards 
the end of the discharge, as is quite noticeable in the oscillograms. 
This increase of wave length may be quite considerable, as much 
as 25 to 30 per cent for the last half wave in some of the instances 
given in the paper.. This feature may have some bearing in damped 
radio telegraphy, by limiting the sharpness of the possible tuning. 
With a gas path in the circuit requiring a finite voltage E, for 
the current to start, it follows that if the initial condenser voltage eo 
ts greater than Ey, the discharge takes place; if eo is less ‘han Ey 
no discharge occurs. The classical condenser discharge equations 
always give a discharge, whatever may be the value of the condenser 
voltage éo. 


From this it also follows that the condenser discharg: through 
@ gas circuit can have only a finite number of half waves, and not 
an infinite number of progressively increasing values, as given by 
the classical equations. At every successive half wave of discharge, 
the condenser voltage e is less than that of the preceding half wave, 
due to the energy dissipation in the circuit, and therefore, at. a finite 
number of half waves, the condenser voltage e must drop below the 
voltage Ey, required to initiate the current through the gas path, 
and then the discharge abruptly stops leaving a finite voltage e, 
and therefore charge, in the condenser. This may be in the same 
or in opposite direction to the initial charge éo, as seen on the oscillo- 
grams and the numerical examples calculated in the paper. Thus 


‘the condenser discharge through a gas circuit consists of a finite 


number of half waves, after which it abruptly stops, and it does 
not completely discharge the condenser, but leaves a ‘‘residual’’ 
voltage and charge on the condenser. The number of half waves 
is less the greater the energy dissipation and the more rapid 
therefore the decrease of the condenser voltage, so that at high energy 
dissipation, only a single half wave of current may occur, as shown 
in some of the examples. In this case, the discharge is unidirec- 
tional, but differs from the non-oscillatory discharge of the classical 
equations in that the current abruptly goes down to zero and a volt- 
age is left on the condenser, while in the classical equations the 
current and voltage gradually fade out. 


The simplest case is a condenser discharge through an inductive 
circuit of negligible ohmic resistance, but containing a gas circuit 
in which the counter e. m.f. is constant. The gas path then acts 
as a constant counter e. m.f. If the initial condenser voltage is éo, 
the discharge current is that of the resultant voltage (¢9 — E) through 
an inductive circuit of negligible resistance, and is thus a sine wave. 
At the end of the first half wave the resultant voltage has reversed, 
being — (€0 — E), and with E as the counter e.m.f. of the gas 
path, this leaves — (¢0) — E) + EH, or — (eo — 2E) at the condenser. 
The second half wave of discharge is again a sine wave, but starting 
with the condenser voltage — (€) — 2E), lower by 2H, than the con- 
denser voltage with which the first half wave started. Thus the 
resultant voltage is — (e9 — 2H) — EH = — (e)— 38E), since during 
the second half wave — E is the counter e. m.f. of the gas path. 
In this case, there is not attenuation or decay during the half wave, 
but the half waves are sine waves, and all the decay due to the energy 
dissipation in the gas path occurs discontinuously at the current 
reversal by the successive half waves of current and voltage being 
lower by a constant value.—the value due to 2E, the voltage dis- 
continuity at the current reversal. 

It is interesting to note therefore, that no matter how high the 
energy dissipation in the gas path, that is, the effective resistance 
of the gas circuit, it has no effect whatever on making the discharge 
non-oscillatory, but the discharge through a gas path is always 
oscillatory, no matter. how high the energy dissipation, Thus 
the lightning flash must always be oscillatory, though, if the energy 
dissipation is very rapid—as in the faint terminal streamers of a 
branch discharge— the oscillation may. consist of one half wave 
only, as in Figs. 2(1) and 3(I) of the paper. 
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Such a condenser discharge through a gas circuit having a con- 
stant counter e.m.f., E, thus becomes non-oscillatory only, if in 
addition to the gas path, there is an ohmic resistance r in circutt 
greater than the critical resistance ro of the classical equations. 
Discharge waves of this character are given in Fig.1 (III) of the 
paper for the case of negligible ohmic resistance, and in Fig. 1 (IT) 
if the discharge circuit contains ohmic resistance besides the gas 
path. 

Consider a gas circuit like that in oscillogram 8, in which the 
potential drop across the gas circuit decreases with increase of 
current, and therefore is a maximum EH, at zero current, and a 
minimum Em at high current. Then at the beginning of each half 
wave, the current starts at the rate of a sine wave discharge of the 
condenser voltage ey with a counter e. m. f. Ei, but with increasing 
current, the counter e. m. f. decreases, the more the greater the dif- 
ference between Em and E,, and the resultant voltage (e — E) 
thereby increases. That is the current increases at a greater rate 
than it would in a sine wave—the reverse of that in the classical 
equations— so that the first part of the current half wave is lower 
than the last part, and the current maximum is beyond the middle 
of the half wave, as shown in the oscillograms and numerical 
examples. Thatis, each half wave has the character of a cumulative 
oscillation, and the exponent of the exponential term is positive. 
(Such discharge waves are impossible with the classical equations.) 
Therefore, in the case of a gas path with double peaked potential 
drop, an attenuation occurs at the current reversal lowering 
the height of the following half wave below that of the preceding 
nalf wave; but in the following half wave a cumulative effect occurs 
and again increases the height of the half wave, Necessarily, 
the cumulative effect, being due to the difference EH; — Em, 1s less 
than the attenuation, which is due to E,, so that the result is a decay 
of the discharge as obvious, but at a rate less than corresponds to Ey. 

Or, in other words, at the current reversal, an attenuation or 
wave decay occurs, greater than that corresponding to the energy 
dissipation in the circuit, and during the following half wave, a 
cumulative effect occurs, returning the energy and reducing the 
attenuation to that corresponding to the energy dissipation. The 
effect is then of the character of a discharge through a circuit having 
a constant counter e.m.f., H1, and a negative resistance. It is 
interesting to note, that in such a circuit an ohmic resistance r can 
be inserted, equal and even greater than the critical resistance ro of 
the classical equations, and the discharge nevertheless remains 
oscillatory. It becomes non-oscillatory only when the ohmic resis- 
tance, inserted in series to the gas path, is greater than the sum of 
the critical resistance ro and the apparent negative resistance of the 
gas path. 

Numerical examples of such a discharge are given in Figs. 2 (ITI) 
and 3 (III) of the paper, for the case of negligible ohmic resistance, 
and in Figs. 2(1) and (II) for the case of the circuit containing 
ohmic, that is, constant, resistance in addition to the gas path. 

The maximum value, which the negative resistance of the gas 
path can reach is equal to the critical resistance ro. 
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The general method of integration described in the foregoing, 
applies not only to symmetrical circuits, that is, gas circuits mm 
which the potential drop for rising current 18 the same as for de- 
creasing current, but also for unsymmetrical gas circutts, or cir- 
cuits in which the potential drop at decreasing current is different, 
almost always less, than for increasing current. Examples of 
both types of discharge are given in the paper, Figs. 1 and 2 being » 
symmetrical, and Figs. 3 and 4 unsymmetrical discharges. As 
the integration takes place step by step for each half wave, the 
method applies equally to so-called unidirectional gas circuits, 
that is, gas circuits having a potential drop which for current 
flow in one direction is different, often very many times greater, 
than for current flow in the opposite direction, such as the circurt 
of a vacuum tube with one incandescent and one cold electrode, 
etc., suchas so-called rectifing circuits. Examples of such are given 
Oe SRO Uh 

To conclude then; the condenser discharge through an inductive 
circuit of negligible ohmic resistance, but containing a gas circuit, 
if always oscillatory. 

The oscillation consists of a finite number of half waves, the less, 
the greater the energy dissipation in the gas path. 

The oscillation stops abruptly, leaving a finite voltage and charge 
in the condenser, which may be in the same or in the opposite di- 
rection to the initial voltage. 

The frequency of the successive half waves is not constant, but 
decreases, that is, the wave length decreases, in the successive half 
waves. If the potential drop across the gas circuit is constant the 
discharge consists of pure sine half waves. In a circuit of negli- 
gible ohmic resistance, the successive half waves decrease by a con- 
stant difference. 

In such a circuit, the discharge becomes non-oscillatory only 
aif in addition to the gas path, it contains an ohmic resistance greater 
than the critical resistance of the classical equations. 

If the potential drop across the gas circuit decreases with increas- 
ing current, the discharge waves are cumulative, that is, the current 
increases during each half wave, and the decay of the wave is pro- 
duced by the amplitude of the successive half waves decreasing at 
the current reversal, but the exponent of the exponential term is 
positive. 

Such a circutt acts like a combination of a constant counter e. m. f. 
and a negative resistance. 

The discharge through such a circuit becomes non-oscillatory 
only if, in addition to the gas circuit, it contains an ohmic resist- 
ance greater then the swm of the critical resistance of the classical 
equations plus the negative resistance of the gas circuit. 

The condenser discharge through an inductive circuit containing 
in addition to an ohmic resistance a gas path, is intermediate 
between the discharge through a pure gas path and the classical 
condenser discharge equations, but always retains the charac- 
teristics of the discharge through a gas path, of a finite number of 
half waves, a residual charge on the condenser, a decrease of the 
frequency and a change and often reversal of the attenuation constant. 


HE usual equations of the condenser discharge 

through an inductive circuit, as given in the text- 

books, give an oscillation of progressively decreas- 
ing amplitude, if the circuit resistance is less, and an 
impulse or unidirectional discharge, if the circuit 
resistance is more than twice the surge impedance. 
They apply only for the case in which the resistance 
of the circuit is constant, that is, independent of the 
current, and therefore do not apply to the very common 
case in which the discharge circuit includes a spark gap 
or largely consists of a gas path (as is the case with the 
lightning flash). Experience shows that the pheno- 
menon is essentially different; for instance, the con- 


denser does not completely discharge, but a residual 
charge remains, which may be in the same, or in oppo- 
site direction to the initial charge. 

A study of these more general discharge equations 
thus is of interest, and is given in the following in a 
somewhat different form from previous publications. 

Let an electric circuit contain a constant capacity 
C, a constant inductance L, a constant ohmic resistance 
r, and an effective resistance r’, the voltage E of which 
varies with the current in any desired manner: 

He tf) 
such as that of an arc, spark or vacuum discharge 
(lightning). 


| 
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Characteristic of such gas or vacuum discharges is 
that the voltage EF’ does not vanish for Zero current, 
but reaches a finite value at 7 = O, that is, the “effec. 
tive resistance” r’ becomes infinite at zero current 
Usualiy, the voltage E is a maximum for zero current, 
and decreases with increasing current.) 

Some approximate empirical equations which have 
been proposed for such discharges, are: 

2 


Gas discharge E = r'i = = 


aay yes 
where a = disruptive strength of residual ionization 
of discharge path. 
a (l + 6) 
Vi 
where e) = terminal drop, / = length of arc, and 


6 = terminal effect on are stream. 
Geissler Tube E = r'i = const. 


Arc B=r'ti=e+ 


(approximation, at fairly 
high gas pressures especi- 
ally) 


In all these cases, where the voltage E’ does not 
disappear, but reaches a finite value E) at zero current, 
it must as counter e. m. f. of energy dissipation in the 
discharge path, abruptly change at the current reversal, 
from + E,to— Ey, that is, the counter e.m.f.H# 
contains a discontinuity at 7 = O. 

In a circuit containing inductance and capacity, 
neither current nor voltage can change abruptly, that 
is, instantly, but both must be continuous, since a 
discontinuity of current would give an infinite e. m. f. 
of self-induction, a discontinuity of voltage an infinite 
capacity current. Thus the discontinuity of the 
counter e. m. f. of the discharge path must be compen- 
sated by an equal and opposite discontinuity of the 


- counter e. m.f. of self-induction, that is by a discon- 


tinuity in the slope of the current wave. 

Due to the discontinuity of the slope of the current 
wave at the current reversal, the integration cannot be 
earried over the current reversal, but a different set 
of integral equations applies to each half wave of cur- 
rent. The integral equations of the successive half 
waves usually have the same form, but differ from each 
other by their integration constants derived from the 
terminal conditions: The initial terminal conditions 
of each half wave being the final terminal conditions 
of the preceding half wave. 


1. In some conductors, with increasing current, the voltage # 
reaches a minimum, and then increases again with further 
inerease of current. (pyro-electric conductors.) 

2. Such discontinuities of the slope of the current wave are 
shown by the oscillograph in circuits containing such conductors, 
as those of rectifiers, circuit breakers, etc. For some such 
oscillograms, see ‘‘Transient Phenomena,” II Section, in the 
chapter on arc rectification. Also see the following oscillograms, 


Figs. 8 to 10. 
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GENERAL CASE 

The differential equations of the discharge of a 
condenser of constant capacity C and initial voltage 
éo, through a constant inductance L, a constant resist- 
ance 1, and a circuit of counter e.m.f. E =f @s 
ene flash, Leyden jar discharge), are then given 
ve 

Voltage at condenser terminals 


HCE vn & 
c= dt +ri+kE Ay 
Current in discharge circuit 
, de 
wer. ae (2) 
with the terminal conditions 
Pete05 t= 0} C= e (3) 
Differentiating (1) and substituting (2), therein, gives 
TAS de era 
i laa Dargai! Gusher iam i 


As 7 is a function of t, H = f (7) may be expressed as 

a function of time 

H=f@M=f O 
and in the interval between two successive zero values 
of 2, f (7) can thus be expressed by a Fourier series of t. 

Instead of expressing f (7), without loss of generality, 
the function 
F(t) = € (By—f (i) (5) 
can be expressed in a Fourier series, where c is still 
an arbitrary constant, and By chosen so that f (7) has 
no constant term. 

This gives 

H=f@)=Bo- Fr 
= By)— e"*> {Besinkqt + Br’ coskqt} (6) 
where c¢ is an exponential decrement, and q the wave 
length constant, that is, qt = a gives the interval 
between two successive zero values of current. c and 
q appear as integration constants. 

[Equation (5) excludes the case of the impulsive 
discharge, in which the current reaches zero only 
after infinite time, as occurs for f (7) = 0;r 272 V/L/C. 
This case is of no importance here.] 

In view of equation (6), (4) is integrated by 

i= 6%> { Arsinkqt + Ae’ costk qt} er 

As the integration is carried over one half wave only, 
we can, without loss of generality, assume the trigono- 
metrical part of the second half wave of (8) and (7) 
as symmetrical with that of the first half wave, that 
is, (7) and (8) to contain only the odd harmonics: 
k= 22-41 

Substituting (6) and (7) into (1) and (4) gives 

e=B,+eé*={ [Ar(r—cL)—kqL Ar’ 

— Brelsinkqgt+ [kq DL Ar + Ax’ (r— cL) 
ae) cost} (8) 
eS {Ar /C— er Lik gq ¢)) 
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—kq Ar’ (r—2cL) + (cBe+kqBzr')] sink qt 
+ [kq Ar (r—2cL) + Ax’ (1/C—ecr — 
‘ —' ZL [k? q?— c]) — (kq Be—c Be’) ] cosk qi} =0 
(9) 
t = 0 gives the terminal conditions; 7 = 0; e = é; 
thus, substituting into (7) and (8) 


CARO (10) 
@— By = > {kqL Az + Ax’ (r— cL) — Br’} 
and by (10) 
éo— Bo = = {kqL Az — Bz’} (11) 


As equation (9) must be an identity, its individual 
coefficients must vanish. This gives the 2 n equations 
[where » = number of harmonics of the series in (6) 
and (7)] 

Ar (1/C—cr— L{k? @— c’] ) 

—kqAk' (r—2cL)+cBe+kq Br’ =0 
kqAzr(r—2cL) + Ar’ (1/C—ecr 
—L{Pe@—c])—kqBe+cBr’ = 0 


If the relation between the current 7 and the potential 
drop E across the gas circuit, is given by an equation 
KB =f (2) (13) 

then, substituting for # and for 7 the equations (6) 
and (7) into (13), gives an identity in sink qt, cosk qt 
and the constant term, and their individual coefficients 
must vanish. This gives (2 + 1) further equations. 

If the relation between EF and 27 is given empirically, 
by curve or table, (2 n + 1) corresponding values may 
be chosen and so give the second set of (2 + 1) 
terminal equations. 

The 2” equations (12), the (2% +1) equations 
derived from (13), and the two equations (10) and 
(11) give a total of (4 + 3) equations, for the deter- 
mination of the 4” +3) integration constants Az, 
Ar’, Br, Be’, Bo, c and g. 


(12) 


A. CONSTANT RESISTANCE 


If the resistance of the discharge circuit is constant, 
=r, that is, H = 0; Bo, Br, and Br’ vanish, and by 
(12), all the Az and Ax’ also vanish, that is, there is 
no discharge, unless in one of the Az, Ax’ the individual 
coefficients in (13) vanish, and this Az and Ax’ thus 
becomes indefinite. 

Assume this to be the case fork = 1. This assump- 
tion leaves the conditions general, as by choosing 
another value of k, the k merely enters as a factor into 
the q. 

We have then, for k = 1, by equation (12) 

1/C—cr—L(@-—c) =0 
r—2 = 0 
thus 


(14) 
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by (10), A’ = 0, and by (11) 


€0 
ik 5 
thus 
eae aL sin qt 
qL (15) 
= t 3 
Maveperne jeoat + oe sin qt . 


These are the well-known equations of the condenser 
discharge through a circuit of constant resistance, 
inductance and capacity. 

The ratio of the values of two successive half waves 
is constant Wiad 

t2/ 11 = € af 


(16) 


~ that is, the discharge decreases in constant geometrical 


proportion. 
An instance is plotted as curve I of Fig. 1, for the 
constants > 
Caen LO Sr eee Lee 
the equations: 
Discharge Current 
t = 207 €-7500! sin 9685 ¢ 


r = 50; e = 20,000, giving 


ae oe 
| | e-0%; 1-107; 
| ey | T | e-20,000 el 
Fin t III; E-300077¥=0 
" | 
= rl 
i 3 Pai 
IIT: E=1500; | r= 25) 
| | 
| | [ 
T |T:, E=0; | r=50 
a : mie 
ah —— = 
(os | Ph a a 
Fig. 1 


Condenser Voltage 
e = 20,000 e259 {cos 9685 t + 0.258 sin 9685 ¢ } 
B. CONSTANT VOLTAGE Drop IN GAS CIRCUIT 
E = constant = E, 
This gives Be= Ey: B. = 0 = B;’ 
Thus by the same reasoning, equation (12) gives 


By (10); 
and by (11) 


AY 
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= By + (@) — Ey) ak {cos q t 


An instance is plotted as curve II, Fig. 1, for the 
constants 


C = 10-*; LD = 107; r = 25; E = 1500; e) = 20,000 
giving the equations 
4, = 186.4 €— 25° sin 9920 ¢ 
t2 = — 123 €-150t sin 9920 ¢ 
+ 70.6 €—125% sin 9920 t¢ 
14° = — 27.7 €—1250t sin 9920 ¢ 
a, = 0 
€: = 1500 + 18,500 et {eos 9920 ¢ 
+ .126 sin 9920 t} 
€2 = — 1500 — 12,200 €—1250# {eos 9920 t 
+ .126 sin 9920 7} 


2. 
ao 
lI 


és = + 1500 + 7000 e259 {eos 9920 t 
+ .126 sin 9920 ¢} 
€, = — 1500 — 2750 €—125% {eos 9920 t 
+ .126 sin 9920 ¢} 
es = + 760 = const. 


In the special case that the ohmic resistance is 
negligible, r = 0, and all the energy dissipation occurs 
in a gas circuit of constant potential drop H = KE), 


we have, 
c= 0 | 
crate’ Ads £OR 
thus 
= (€)— Ey) zosingt 
= Ey us (€) — Ey) cos qt (18) 
where 


Zo = /L/C = surge impedance, or natural impedance 
of the circuit 
In this case, at the end of the first half wave, we have, 


e= @ = — (@)— 2 Ep) 
and the second half wave is given by 
to = — (€9 -3 Ey) zo sin gt ) 


(19) 

2 = — Ey — (@)— 3 Ey) cosqt J 
In this case, the difference between the maximum 
values of two successive half waves is constant: 
aS = 2 Ey ; 
W— te == 2 20 Ey (20) 
that is, the discharge decreases in constant arithmetical 


porportion. 
An instance is plotted as curve III of Fig. 1, for the 


constants: 
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C z 10-*; L = 10; r =0; E = 3000; e, = 20,000, 
giving the equations: 
71 = 170 sin 10,000 t 


t2 = — 110sin 10,000 ¢ 
73 = + 50 sin 10,000 ¢ 
On = 0 
€; = 8000 + 17,000 cos 10,000 ¢ 
és = — 3000 — 11,000 cos 10,000 ¢ 
+ 3000 + 5000 cos 10,000 ¢ 

é: = — 2000 = const. 
It. @ = 2p Ey 3 4’ (21) 
where p is the largest integer by which 2 E) divides 
into €, and leaves e)’ numerically (irrespective of the 
sign) less than Ey, that is, eo’? S E,2, p is the number of 
successive half waves of the discharge, and + e’) is 
the residual charge, remaining in the condenser, after 
the discharge stopped. That is, in this case, the 
condenser discharge does not consist of a (theoretically) 
infinite number of gradually decreasing half waves, 
which completely discharge it, but the discharge stops 
after a finite number of half waves, and does not com- 
pletely discharge the condenser, but leaves a residual 
charge (as well-known in the discharges of condensers, 
such as Leyden jars, through a spark). This residual 
charge may be in the same direction or in the reverse 


direction of the initial charge é>. 


Thus in this case, the total discharge, fiat = Oss 


not constant and equal to the charge of the condenser: 
9 = €)C, but may be more or less. 

If EZ) = > e/3, only one half wave of discharge 
occurs, and the discharge thus is unidirectional, 
showing a similarity to the impulsive discharge. It 
differs therefrom by terminating sharply at a definite 
time, while the impulsive discharge tapers into infinity. 

In the general case B, essentially the same conditions 
pertain; a finite number of half waves, and a residual 
charge remaining in the condenser. The decrement is 
neither geometrical (logarithmic) nor arithmetical. 


C. SINE WAVE DISCHARGE 


It is of special interest to investigate the conditions 
under which the successive half waves of discharge 
current and voltage are pure sines. (except as regards 
to the exponential factor, and the discontinuity of the 
current slope), that is free of higher harmonics. 

Then the trigonometric series ends with k = 1, and 
it is 


1=Ae “singt (22) 
BH =B,—¢«* {Bising?t— By’ cos gt} (23) 
e=B, +e {{[A(r—cL) — Bilsingt 

+ [AgL + Bi] cos qt} (24) 


[For convenience, the sign B,’ has been chosen 
negative, so as to make B,’ positive for the usual form 
of the gas discharge.] 

2n +1 = 3 constants can then be chosen arbitrarily, 
that is, by experiment, etc., in the relation between 7 
and E. 
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As such the following are preferably chosen: 

The potential drop across the gas circuit at zero 
current at the beginning of the discharge: H = EK) for 
t=), 7 = 0; 

The potential drop across the gas circuit at zero 
current at the end of the discharge: H = EH, for 
Gi=s7, 2 =~ 0! 

The potential drop across the gas circuit for (approxi- 
mately) maximum current, at the middle of the dis- 
charge: Ht =H, for qt = 1/2, 1 = %n. 

In general, F,, =H; 5 Eo 

This gives the equations, by substituting into (23) 


Ey =Bo+ B, 
H, — By- 6? B,’ (25) 
Dies — By - 6 By 
where 6 = e€~¢7/24 
thus 
LETRA TA 
Snr + & 
— B-En — ® E+ #8, -— (1+ &) En 
Hit es ai 5 (1 + 8) (uae 
‘epee, Ky = Ey 
Bates + & 
from equation (11) follows, 
—B,=qLA+B,’ 
thus Aim ee _ 8. | 
q q | (27) 
where B= e— Ey J 
the equations (12) give, 
A[L(@— @)—re+1/C) + [c Bi-— q B,'] = 0 
Aql(r—2cL)— [qB, +c By’ ==. () 
and denoting, 
Hie weane 
“ (28) 
Sone 2 
roo | 
and substituting (27) for A, we have, 
(29) 


B(?e@—-@—-ca+k?) +q(cBi-—qB,' =0 
B(a—2c)— (¢qBi+cB,’) =0 

From these two equations (29) follow the values of 
c and gq, and thereby all the constants in 7 and e are 
evaluated. 

As cand q enter into B; and B,’, through 6, equations 


(29) are best evaluated by approximation. That is, 
from (29) it follows that, 

4 aBB, 

* Bist BEB 
k?B(2B+B,')? 
+V B+ By) (Be + CB +B] 
4 ( Ob Bb ) 
BY + (2B + By’)? 
= Geb? 
BY + (@B+3,') ea) 
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aB-— qd B, 
2B+ Bi’. 
Assuming first gq = & and c = 0, gives a first approxi- 
mation of B; and B,’, and with these values of B and 
B,', by equations (30) and (31) a first approximation 
of gand cis calculated, and this used in the same manner 
to get a second approximation of B, and B,’, and of 
qand c, and so on, until the approximation is sufficiently 
close, and this is usually obtained very rapidly. 
IMPULSIVE DISCHARGE 
Here g becomes imaginary, and the discharge thereby 
ceases to be oscillatory and becomes impulsive, when 
the term under the square root in (30) becomes negative. 
This is the case hy, 


ae (31) 


+ (2B + B,’)? 


2 py 28 it AE EE 32 
a > k ae GS ag ( ) 
BY? + By” 
or Y > 2, Ver 2B (B+ By) (33) 


for B, = 0, B,’ = 0, this gives the usual equation: 
fina Z0- 

In general, in a gas circuit B, B; and B,’ are positive, 
and thus the energy dissipation that occurs in the gas 
circuit does not lower the values of the ohmic resistance 
r, at which the discharge ceases to be oscillatory, but 
on the contrary, the presence of a gas circuit causes the 
discharge to remain oscillatory for values of the ohmic 
resistance r, greater than those at which otherw:se the 
discharge would become impulsive. 


SYMMETRICAL GAS DISCHARGE 
If the discharge through the gas circuit is sym- 
metrical, that is, the potential drop across the gas cir- 
cuit, H,{has the same value for decreasing as for increas- 
ing current 2, or in other words, the discharge through 
the gas circuit has no time lag, then we have, 


and ’ 
| if 
q =the # 
baba oa) 
B, 
re: 1 A xB | 
4k ; : erie || 
B, 1 7) 
2+ (2s) | + (oR) | 
(34) 
C= ee a a iti 
2 Oy lay Bo? 
1+(sF) 
1 
tA. il By 2 
+ (oR) 
a? 1 
A k? (35) 
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qL a iy) B, 
B= By— (Ey — En) € ¢+¢7/20 sin gt a ( 2B 
36 
e = Ey + et 1 (€) — Ey) cosq L oe = : : (40) 
VLC (1+-550—8e— 
| See Riveeeteaa | ah Baal 
Dee Oo 5 sin q L 
B 
DISCHARGE WITH NEGLIGIBLE OHMIC RESISTANCE i p B fie ao, 
If the ohmic resistance of the discharge circuit is © = eo Oe E) ay) 


negligible, r = 0, that is, all the energy dissipation 
oceurs in the gas circuit (as is probably usually the 
case with a lightning discharge, etc.), we have, 


C= 
KareD gore 
ee ECE, 
q = 
P B 
kOB+ BV eae eB EB 8 
H's B 
ee LBV pean TeRtEyy 


that is, the exponent of the exponential term is positive, 
and the oscillation cumulative, thus increasing. during 
the half wave—to drop however again discontinuously 
at the end of the half wave—to a value less than the 
preceding half wave, giving the decay of discharge, 
by the discontinuous voltage change at the current 
reversal, from +H, to — Eo. 

In the condenser discharge through a constant ohmic 
resistance 7, the exponent of the exponential term is, 


2 OME 
where r) = ohmic resistance. 
“ Substituting in (38), 


agai k = anes ives 
OME REL Cis 04s’ 

To = 
2 B 

ae ae BN eB ESB 


(39) 
The gas discharge acts like an effective negative 
resistance of value 1o. 


SYMMETRICAL GAS DISCHARGE OF NEGLIGIBLE OHMIC 
RESISTANCE 


If the gas discharge is symmetrical, that iserinea 
symmetrical gas discharge of negligible ohmic resistance 
we have, 
r= 0; Be = Ey; 


a=0, and £, = E,, B,' = 0; 


and, 


a5 = ape 
N/ sie ( >R ) 

In this case, q is always real. Such a condenser 
discharge through a circuit of negligible ohmic resist- 
ance, but containing a symmetrical gas path, is always 
oscillatory, never impulsive, that is, unidirectional, 


though the oscillation may comprise one half wave 
only. 


DECREMENT. AND FREQUENCY 

As a gas circuit acts like an effective negative resist- 
ance, it follows that in the circuit of a condenser 
discharged through a gas circuit a considerable ohmic 
resistance r, may exist, and the decrement of the circuit 
still be zero: c = 0. 

The conditions of such a circuit of zero logarithmic 
decrement are, 


C= seca A 
B =e, — Ky; 9 = 1/2 (Ey + F,); By = 172 (Eo 
_ E,-—2E,); Bey 2 (hae): 
From (31) it follows that 
B 
Cn TBs 
and, substituting this into (30), gives, 
k se 
fe Wana BB) 
k 
qn fees ap Te 
Mais 
thus 
Ey + fy, — 2.E,, 
as 42 
ie Le G7, RTO, a ee a 
qo 
= 43 
q ae, pec aD (43) 
2 (€o = E,) 
where yy eS ad 1EYO 
ae le 
LOS ne 


Thus, if in a condenser discharge circuit containing 
a gas path, the ohmic resistance = 1; (42), the exponen- 
tial decrement is zero, and the half waves of discharge 
are perfect sines. If the ohmic resistance r of the cir- 
cuit is greater than ri, r > 11, the logarithmic decre- 
ment is positive, that is, the wave decay ,, If the 
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ohmic resistance r of the circuit is less than 7, r > 11, 
the logarithmic decrement is negative, that is cumula- 
tive, and the wave increases—to decrease however 
discontinuously at the end of the half wave by the 
change of the potential drop across the gas path, at 
the current reversal, from H; to — EK». 

For a symmetrical gas discharge we have, Hi = Ey; 
B,’ = 0, thus, 


Ey) — En 
ees ae a“ 
1 
ea i Wab.Ce (45) 


It is interesting to note that, when the logarithmic 
decrement of the discharge oscillation disappears, due 
to the effective negative resistance of the gas path 
‘compensating for the constant ohmic resistance of the 
circuit, the frequency of the discharge—as given by 
q = 2af—only then becomes equal to that of the 
circuit without energy dissipation, when the discharge 
is symmetrical. If however the gas circuit is not 
‘symmetrical, but the potential difference for rising 
current is greater than for decreasing current, in other 
words, if a time lag exists in the gas path, then the 
frequency of the oscillation is lowered by the asym- 
metrical nature of the gas path (43). 

As the decrement c and the frequency constant q 
depend not only on the constants of the circuit and the 
gas path, but also on the initial condenser voltage é, 
it follows, that for the successive half waves of such a 
discharge, the decrement c and the frequency constant 
q are different. The value of c changes from positive 
to negative and increases negatively, that is, the damp- 
ing effect of the successive half waves decreases, is 
replaced by a cumulative effect, and the latter indefi- 
nitely increases, until the discharge stops. The 
frequency in the successive half waves of discharge 
decreases, that is, the wave length increases, especially 
towards the end of the discharge, as seen from the 
illustration given below, and their aeanone and the 
appended oscillograms. 


MAXIMUM INCREMENT 

In a condenser discharge through a gas circuit, the 
exponent of the decrement «~“ may be positive, 
e+“! that is, the discharge is cumulative. The ques- 
tion arises under which conditions this cumulative 
effect is a maximum, that is, when ¢ is a maximum 
negative value. 

Equation (31) shows that this is the case for a = 0, 
that is, when r = 0, or there is no ohmic resistance, as 
was to be expected. 

In this case we have, 


By 
2p eS By 
thus, c is a maximum for B,’ 


metrical discharge. 
The maximum cumulative effect should occur with 


= 0, or LE, = Ey, a sym- 
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the symmetrical gas discharge of negligible ohmic 


resistance. 
We have, then from (41) 


Ey — En 


26 (eo. — Eo) 


M14 (a) 


which increases with increasing EH) and decreasing E,,. 

That is, the cumulative exponential decrement due 
to a gas path is the larger, the larger the potential drop 
across the gas path at zero current, and the smaller is 
the potential drop at maximum current, and approaches 
the final value for EL, = 0 and Ey = éo, of c = — Qo, or 
To = — 2o. 

That is, the effective negative resistance ‘of the gas 
path approaches, as a maximum, the value of the surge 


impedance z) = »/ L/C of the circuit. 


(46) 


IMPULSIVE DISCHARGE 


The question arises, whether, and under what condi- 
tions the condenser discharge through a gas circuit 
may cease to be oscillatory, and becomes impulsive 
or unidirectional. 

If, as is usually the case in a gas circuit, @é) > Hy) > Hy 
> En, B, B, and B,’ are positive, and by equation 
(33) the ohmic resistance r is given, which must be 
exceeded by the circuit, to become non-oscillatory, and 
this ohmic resistance is greater than in the absence of 
a gas path. 

The further question arises, whether any condition 
of a gas circuit can be conceived, in which the discharge 
becomes impulsive by the energy dissipation in the 
gas circuit, irrespective of the ohmic resistance of the 
rest of the circuit.. That is, whether a condenser 
discharge through a gas circuit of negligible constant 
ohmic resistance, but high energy dissipation in the 
gas path—such as a lightning flash—can ever be non- 
oscillatory. 

If the ohmic resistance of the circuit is negligible, 
r = 0, and we have from (37), 


k (2B +B,’ fy a ea 
/ BY + (2B + By’) BBY 
B, 


easement. 
q then can only become imaginary, that is, the discharge 
non-oscillatory, if 
B 
B+ B,’ 


becomes negative. 


re 
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_ If By’ = 0 in a symmetrical gas circuit, this is no 
possible, but 
yeaa 
B+ By,’ 
and, as stated after equation (41), such a discharge 
through a symmetrical gas circuit always is oscillatory, 
no matter how high the energy dissipation in the gas 
circuit, unless it is made non-oscillatory by constant 
series resistance (33). . 

The only condition, under which such a condenser 
discharge through a gas circuit of negligible ohmic 
resistance ceases to be oscillatory occurs when B,’ 
is negative and — B,’ > B, that is, by (26) and (27): 

EH aaa E 0 
1+26 


Since E, > ey + 6 (€o = Ey) 

and as Ey < @, otherwise the discharge would not 
start, it would mean a gas path in which the potential 
drop at the beginning of the discharge starts, for zero 
current, with a value E) less than the condenser 
voltage é), then decreases to E,,, and then increases 
to a value #,, higher than the initial condenser voltage. 


= 1 


> e— Ep 


In this case the discharge would obviously cease. It | 


might be possible to experimentally create such condi- 
tions, by a slow vacuum discharge, producing a gas 
pressure and thereby increasing its potential drop, but 
in general, such would not occur. Unless a constant 
ohmic resistance of sufficiently high value is in series, 
a discharge through a gas circuit, such as a lightning 
flash, always must be oscillatory, no matter how great 
the energy dissipation, though the oscillation may 
contain one half wave only. 


| | mel lee) 
i 1 i a 1 
| |C=10%; L-=10%; e-20,000 
| E=E¢ 6000; E,_1000; 
| “ [ Il: r-0 
e | 4 
EN | lea Nac 


| 
Riiide | 
4 


Fre. 2 


NUMERICAL EXAMPLES 


As illustrations the following examples are given of 
some numerical values in Figs. 2 to 4, of the successive 
half waves of discharge, for the constants, 

Geet Oe"; Ltn; é) = 20,000 
and in Fig. 2 for a symmetrical gas circuit varying from 
6000 volts at zero current, to 1000 volts in the middle 
of the current wave, and back to 6000 volts at zero 
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t current, and for the three values of constant ohmic 


resistance. 
CurvelI. r = 50 ohms. 
41 = 146 €— 59° sin 9600 t 
te = 0 
€; = 6000 +€-®% {900 sin 9600 t-+14,000 cos 9600 t} 
és = — 5500 = const. 


E, = 6000 — 5520 €—5° sin 9600 ¢ 
E, ‘oo 0 


L=10%; — eo=20,000 


; E,4000; E,;1000; 


Ill; r-0 


Fig. 3 


Curve II. r = 25 ohms. 


ty 
12 


E 


140 €+435¢ sin’ 10,000 ¢ 
— 89.3 €#2%89t sin 9900 ¢ 
= () 
= 6000 + «+45! { — 570 sin 10,000 ¢ 
+ 14,000 cos 10,000 ¢ } 
— 6000 — &78% { — 1140 sin 9900 ¢ 
+ 3900 cos 9900 ¢} 


= + 38450 = const. 
= 6000 — 4680 e+43** sin 10,000 ¢ 
= —.6§000 + 3220 €+278° gin 9900 t 


g 
Curve Llls 77-—.0: 


= 142 €+1420t sin 9900 ¢ 
= — 102 €+1830t gin 9830 ¢ 
= + 62 €+2600t sin 9650 ¢ 
= — 23 €+4800t sin 8750 t 
0 
= 6000 + e+1420t { — 2000 sin 9900 ¢ 
+ 14,000 cos 9900 ¢ } 
— 6000 — +1830 { — 1870 sin 9830 ¢ 
+ 10,000 cos 9830 t } 

= + 6000 4+ 259% {— 1660 sin 9650 ¢ 

‘+ 6000 cos 9650 ¢ } 
= — 6000 — e+489% {— 1120 sin 8750 ¢ 

+ 2000 cos 8750 t} 


= + 5200 = const. 

= 6000 — 4000 e+!42° sin 9900 ¢ 

= — 6000 + 3740 €+183% sin 9880 ¢ 
= + 6000 — 3270 e+? sin 9650 ¢ 
= — 6000 + 2220 €+489° sin 8750 ¢ 
al) 
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For the same values C = 10-§; L=10~ and 
€) =20,000, Fig. 3 gives the discharge waves through 
an unsymmetrical gas circuit, varying from 8000 
volts at zero current, to 1000 volts in the middle of the 
current wave, and then back to 4000 volts at zero cur- 
rent, and for the three values of constant ohmic 
resistance. 

Curve I. r = 50 ohms. 

4; = 181 €—*5°* sin 9180 ¢ 

2 = 0 
5840 + €—45% {720 sin 9180 t 

+ 14,160 cos 9180 t} 


® 
is 
I 


€, = 63830 = constant 
E, = 5840 — e~45% {5250 sin 9180 t¢ 
— 2160 cos 9180 t} 
E, = 0 
Curve II. r = 25 ohms. 
4, = 129 €+*45t sin 9300 ¢ 
to = — 29.3 €+3450¢ gin 7900 ¢ 
13 = 0 
é€, = 6180 + et*45* {— 880 sin 9300 ¢ 
+ 13820 cos 9300 t} 
€, = — 7200 — +450 {— 1340 sin 7900 t 
+ 3120 cos 7900 t} 
e; = + 5100 = const. 
E, = 6180 — «+545 {4740 sin 9300 ¢ 
— 1820 cos 9300 t} 
E, = — 7200 + €+845° (3080 sin 7900 ¢ 
— 790 cos 7900 ¢} 
Curve lise 4 —=10. 
4, = 129 €t1550t gin 9310 ¢ 


tg = — 90.5 €*2°89 sin 9070 ¢ 
tz = + 55 €+2880 gin 8500 ¢ 
de = — 20.5 €+459% gin 7320 t 
Ls = 0 


€, = 6500 + e+1550* {_ 5250 sin 9810 t 
+ 13,500 cos 9310 ¢} 
€. = — 6700 — e+296% {— 5860 sin 9070 t 
+ 9500 cos 9070 ¢} 
= + 7000 + e+88o {— 5110 sin 8500 t¢ 
+ 5700 cos 8500 ¢} 
es, = — 7500 — €+4590t {— 3300 sin 7320 t 
+ 2000 cos 7320 ¢} 


és = + 6300 = const. 
Ei, = 6500 — €+1550 {4250 sin 9310 t 

— 1490 cos 9310 ¢} 
E, = — 6700 + e+2°5 {4000 sin 9070 t 

— 1310 cos 9070 ¢} 
E3 = + 7000 — €+?88 {3580 sin 8500 ¢ 

— 1030 cos 8500 t} 
BE, = — 7500 + e+4500 (2300 sin 7320 t 

— 500 cos 7320 t} 
E; = 0. 


As seen, the number of half waves of the discharge 
under these conditions of a high open-circuit voltage 
of the gas path, varies from one at the constant resist- 
ance of 50 ohms, to four with no ohmic resistance in 
circuit. 
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Fig. 4 shows the discharge curves, for the same con- 
stants C = 10-*; L = 10; e = 20,000, for a low 
ohmic resistance, r = 10, and through an unsym- 
metrical gas path of lower voltage; from EH, = 3000 
volts at zero current, down to EL, = 500 volts for larger 
currents, and up again to EH, = 1000 volts for zero 
current. 


We have, 

4, = 175 e-%¢ sin 9720 t 

i. = — 181 e+ ** sin 9650 ¢ 
a3 = +°98.5 1278+ sin 9510 ¢ 
4 = — 61.6 e+ 8 sin 9270 ¢ 
ts = + 34.9 €+1315t sin 8840 ¢ 
te = — 12.1 €+3259 gin 7450 ¢ 
ty — 0 


e, = 1990 + e—*¢ {120 sin 9720 ¢ 

+ 18,010 cos 9720 t} 
é, = — 2010 — e+*% {— 90 sin 9650 ¢ 

+ 13,610 cos 9650 t} 


es; = + 2050 + e278 {— 285 sin 9510 ¢ 
+ 9840 cos 9510 ¢} 
€s = — 2110 — e+ 5+ {— 450 sin 9270-¢ 
+ 6620 cos 9270 t} 
I C-10%; L=10%; e,-20,000 a 
NI | £8000; E;1000; 5500 
yaaa ell Sil ‘ | r-10 [| J] 
aS A 
pees 
+ pte +— rt + 
EPEC eee 
Soa CI | 
Fic. 4 
€s = + 2230 + e+1315¢ {— 570 sin 8840 t 


+ 3850 cos 8840 ¢} 
€és = — 2600 — e+50t {_ 570 sin 7450 ¢ 
+ 1300 cos 7450 t} 
= + 2500 = const. 
EH, = 1990 — e—*7* {1510 sin 9720 t 


— 1010 cos 9720 ¢} 
E, = — 2010 + e+** (1490 sin 9650 t 

— 990 cos 9650 t} 
EH; = + 2050 — e€+%8t {1480 sin 9510 ¢ 

— 950 cos 9510 ¢} 
Ei, = — 2110 + e+ 86 {1450 sin 9270 ¢ 

— 895 cos 9270 t} 
Eis = + 2280 — e+1315t (1380 sin 8840 t 

— 775 cos 8840 ¢} 
E's = — 2600 + €+325% {1080 sin 7450 t 

— 410 cos 7450 ¢} 
Ey = (0. 


It is interesting to note that in the successive half 


waves of discharge through a gas circuit, especially 
an unsymmetrical one, under these conditions the 
frequency decreases, that is, the wave length increases, 
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cessive half waves. 


by over 30 per cent between the last and the first half 
wave. 

The exponential decrement steadily decreases, and 
thus changes from a decrement in the first. half wave, 
to an increment of increasing amplitude in the suc- 
If the ohmic resistance is small, 
the first half wave shows an increment. 


D. NOoN-SINOIDAL DISCHARGE 


As a further illustration there is shown, in Fig. 5, 
the first half wave of a discharge carried out to the 
third harmonic, through a symmetrical gas path and a 
constant ohmic resistance of such value as to make the 
decrement vanish, that is, to give c = 0; for the con- 
stants: C =10-§; L=10~; e = 20,000, and for 
the voltages of the gas path given as 
E, = 6000 volts at zero current, at the beginning and 

the end of the half wave, 


_E,, = 1000 volts in the middle of the half wave, and 


E = 2000 volts at 30 degrees after the beginning and 
before the end of the half wave. 

The values Ey, E,,, and EH, substituted into equation 

(6) give five expressions for the determination of the 


C=-10%; L-107; e;20,000 
sEr r=43.3 


five constants, Bo, B:, B,’, B;, B;’. The four equations 
(12) express the values A,, A,’, A3, A;’ in the values of 
B, and, substituted into equations (10) and (11), give two 
equations for the determination of g and r, by approxi- 
mation. 
This gives the value of constant ohmic resistance as 
r = 48.3 ohms, and the discharge equations, 
7 =A,singt+ A,;’cosqt+A;sin3qt 
+ A,’ cos38qt = 139 sin 9946 ¢t + 3.6 cos 9946 ¢ 
+ .2sin 29,838 t — 3.6 cos 29,838 t 
e = Bo={ (rAr—kqL Ar’ — Be) sink gt 
+ (kqL Az + 1 Ar’) cosk qt} = 6000 
— 330 sin 9946 ¢t + 14,100 cos 9946 ¢ 
+ 80 sin 29,838 ¢ — 100 cos 29,838 ¢ 
E = B,— Bisingt— B;sin3 qt = 6000 
— 6000 sin 9946 t — 1000 sin 29,888 ¢. 


VoLT-AMPERE CHARACTERISTICS 

Fig. 6 gives the volt-ampere characteristics (of the 
first half wave) of the preceding figures, that is, the 
potential drop of the gas circuit E, as ordinate, with 
the current as abscissas (in a fraction of its maximum 
value). 

Line C D (2) gives the E to 7 relation of the sym- 
metrical gas circuit of Fig. 2. 
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Curve H-D-F (3) gives the unsymmetrical circuit 
of figure 3, with ED for increasing, D F for decreasing 
current. 

Curve C (5) D gives the E to i characteristic of the 
discharge. Fig. 5, containing the third harmonic. 

For comparison, A B (r) is the volt-ampere charac- 
teristic of a constant ohmic resistance, and C B (1) 
that of a gas path of constant voltage. 


EK. ASYMMETRICAL OR UNIDIRECTIONAL CONDUCTOR 


The volt-ampere characteristics of gaseous conductors 
very often depend on the direction of the current flow, 
that is, the potential drop across the conductor, and 
its variations with the current are entirely different for 
the current flowing in one direction, from that of the 
current flowing in the reverse direction,—often very 
much lower. Such for instance is the case in the 
vacuum tube with one hot and one cold electrode, or a 
vacuum tube with one cold carbon electrode and one 
ionized mercury electrode. In this case the potential 
drop across the tube is very low and approximately 
constant if the incandescent or ionized electrode is 
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negative, and the potential drop may be very high, 
especially at zero current in the beginning of the dis- 
charge, if the cold electrode is negative. 

Since the equations of the condenser discharge 
through a gas circuit have to be calculated for every 
half wave separately, the calculation of the condenser 
discharge through such a unidirectional or “rectifying”’ 
conductor is the same, the only difference being that 
for alternate half waves of discharge, different con- 
stants are used. 
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For example let, for the current in one direction, 
the gaseous circuit consume a constant voltage 
E = E, = 100 volts ? (a) 
And for the current in the reverse direction, consume 
a voltage varying from 


E = E, = 6000 volts (b) 
at zero current, to 
E = E,, = 1500 volts (b) 


in the middle of the discharge, and reaching again 
E = E, = 1500 volts 
for zero current at the end of the discharge. 


(b) 
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Then the even half waves of the discharge are cal- 
culated with the one, and the odd half waves with the 
other set of constants, (a) or r (h), as shown in Sections 
Bor C. 

Fig. 7 shows the two discharge curves, for 

éo = 20,000; C= 10-% L= 107; r = 20 
and, in Curve I for the first half wave being in the direc- 
tion of the conduction of the gas path, (a), while in 
Curve II the first half wave of the current is in such 


direction that the gas circuit offers a high opposing ° 


voltage (b). 4 
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The equations of the discharge then are: 
Curve I. High Conductivity during Odd Half Waves. 


41 = 200 €-199% sin 9950 t 
te = — 93.3 e*185t sin 8900 ¢ 
43 = + 73 €-1900t gin 9950 t 
V4 = 0 
é, = 100 + €—19°% {2000 sin 9950 ¢ 
+ 19,900 cos 9950 t} 
€o = — 8830 — +1854 {— 225 sin 8900 t 


+ 10,470 cos 8900 ¢} 
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+ 100 + €10°* (730 sin 9950 ¢ 


Pa + 7270 cos 9950 1} 

e, = — 5160 = const. 

E, = 100 

E, = — 3830 + +85 {2260 sin 8900 ¢t . 
— 2180 cos 8900 t} 

EB; — Se 100 

By. 3-0. 


Curve II. High Conductivity during Even Half Waves. 
4, = 151 e€-*%7' sin 92701 
dy = — 114 199% sin 9950 ¢ 

+ 28 €+2060t sin 7530 t 


th; t—— 
i, = — 33.6 €7199% gin 9950 ¢ 
On a= 0 
e, = 3660 + €-87 {425 sin 9270 t 

— 16,340 cos 9270 t} 

Ere: 10 

€ég = — 100 — 190% {1140 sin 9950 t 

+ 11,350 cos 9950 ¢t} 
é3 = + 4650 + €+2960 { — 935 sin 7530 t 

+ 3450 cos 7530 t} 
es = — 100 — 1000 (335 sin 9950 t 

+ 3340 cos 9950 t} 
és = + 2800 = const. 
E, = 3660 — e-*37t {2240 sin 9270 t 

— 16,340 cos 9270 t} 
E, = — 100 
BH; = 4650 — e+296% (2070 sin 7530 t 

— 1850 cos 7530 t} 
Ey = — 100 
E's = 0. 


It is interesting to note, that not only the amplitudes 
and the decrements of the odd and of the even half 
waves are different, but also the frequency or duration 
of the half waves. 

As the calculated curves given in the preceding sec- 
tion show a number of characteristics different from 
the usual oscillating discharge curves, a series of oscil- 
lograms was taken of such an inductive condenser 
discharge through a gas circuit. Three of these 
oscillograms are given in Figs. 8, 9 and 10. 

The gas circuit consisted of a vacuum tube of 1 1/2 
in. diameter and 36 in. length, with tungsten electrodes. 

The inductance was measured as L = 7.4h., the 
capacity 1.7 uf; the ohmic resistance of the circuit 


, teristics calculated in Figs. 2 and 4: 


Z 


a 
See 
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= 34.5 ohms, and the initial voltage of the condenser 
discharge was e) = 10,000 volts. 
These oscillograms very decidedly show the charac- 


A discontinuity in the slope of the discharge current 
at the reversal. 

The wave shape of the current, characteristic of a 
cumulative discharge, that is, decreasing more abruptly 
than increasing (the reverse of the usual damped 
discharge.) 

The gradual increase of the wave length, that is, 
decrease of g. 

These three characteristics becoming more pro- 
nounced towards the end of the oscillation. 

The residual charge left in the condenser—in this case 
gradually leaking out through the oscillograph shunt. 

The oscillograms give the discharge current, the 
voltage across the vacuum tubes, and a 60-cycle 
timing wave. 

In Fig. 8, the air pressure in the vacuum tube was 
5mm. of mercury. The oscillation consisted of two 
half waves, of maximum currents 7 = 6.25 and 2.85 
amperes, and wave length constants gq = 176 and 164. 
The second half wave of voltage gives Ey = 4150; 
i; = 3080; FE, = 15380. 

In Fig. 9, the air pressure was 3.5mm. of mercury. 
Three half waves occurred, with maximum currents 


t= 6.7; 3.17; .88 amperes, and wave length con- 
stants q = 228; 218; , 208. The second wave gave 
Ey) = 2880; 1 = 2480; H,, = 1480. 


In Fig. 10, the air pressure was 0.01 mm. of mercury, 
and the voltage curves therefore are of materially 
different appearance. Five half waves occurred of 
the maximum currents 7 = 3.2: 5242;7 3.75; 2.53; 
1.58 amperes, and the wave length constants gq = 250; 
242: 230; 215; 199. The second half wave gave 
Big = 3080; fs. =. 2470; EH, = 530. 


DEVELOPED WATER POWER OF THE 
UNITED STATES 


The U. S. Geological Survey, in 1921, made a com- 
pilation of data showing the developed water power in 
the United States in plants of 100 horse power or more. 
The data were collected by district engineers of the 
Survey by correspondence or by personal visits to 
the plants. The results of the compilation are con- 
sidered to be reliable and show that at present there 
are in the United States 3116 water-power plants of 
100 horse power or more, with a total capacity of 
installed water wheels of 7,852,948 horse power. Of 
this total 79 per cent is in public-utility plants and 21 
per cent in manufacturing plants. 

New York still maintains its position as the leading 
State with 1,291,857 horse power; California is second, 
with 1,149,099 horse power; Washington is third, with 
454,356 horse power; Maine closely follows in fourth 
place, with 449,614 horse power; and Montana is 
fifth with 344,420 horse power. 
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ILLUMINATION ITEMS 
By rae Lieutine anp InnuminaTion ComMITTER 
AUTOMOBILE HEADLIGHTING 

At the 15th Annual Convention of the Illuminating 
Engineering Society held last September a paper 
“Determinations by Various Observers of Desired Road 
llumination from the Automobile Headlamps”, by 
H. H. Magdsick and R. N. Falge, was presented. This 
paper covered the results of a systematic investigation 
of the lighting requirements under various conditions 
of road surface, contour, street lighting, boundaries, 
speed, weather, etc., for a large number of observers. 
Special equipment controllable by the observer in the 
moving car enables him to get just the distribution 
and intensity of light requisite for the given conditions. 
The fundamental data contained in this paper have 
proved of much interest and value to motor car, head- 
lamp and cover glass manufacturers, state officials and 
others interested in motor car lighting. This investiga- 
tion offers: more definite criteria than were formerly 
available and provides reliable data against which to 
check the performance of given designs of equipment. 
STATE REGULATION OF MOTOR CAR HEADLAMPS 

Regulations governing the use of automobile head- 
lamps in one way or another are in force in 37 states 
of the Union. These regulations cover a number of 
the conditions experienced in the use of head-lamps on 
automobiles. Most of them are designed either to 
eliminate glare by limiting the height of the beam, to 
protect against glare by requiring the use of dimmers 
or other device, to provide safe road illumination by 
specifying the distance ahead at which substantial 
objects shall be revealed or prevent accident by speci- 
fying the distance ahead at which the head-lamps are 
required to be visible. 

Requirements of this character are somewhat am- 
biguous. There may be some question as to just what 
the limits of the beam are: the distance at which a 
substantial object is revealed depends upon the size 
and color of such an object, the background, the 
atmospheric conditions, the individual’s eyes, their 
adaptation, etc. The desired ends can be accomplished 
with much more certainty and the administration of 
the regulations greatly facilitated by a definite state- 
ment of the maximum candle-power which may be 
directed at such angles as to interfere with the approach- 
ing driver and the minimum intensity which must be 
directed to the road to insure a safe driving light. 
The Illuminating Engineering Society and the Society 
of Automotive Engineers are the sponsors for regulations 
of this kind in the form shown in Fig. 1. The tendency 
in new legislation is to adopt this system; in thirteen 
states. the regulations are already based upon it: 


California Maine Pennsylvania 

Connecticut Maryland Utah 

Indiana Nebraska Vermont 

Iowa New York Wisconsin 
Ohio 
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The values given in Fig. 1 apply for all except Cali- 
fornia and Pennsylvania, which require only 1200 
candle-power between points ‘a’ and “‘b”. The posi- 
tion of the point “b” varies slightly; in some of the 
regulations it is taken as half way between the level 
of the head-lamps and the road, that is, the ray pro- 
jected through that point strikes the level road surface 
200 feet ahead of the car. 

A fourteenth state, Massachusetts, has adopted the 
same system with somewhat different designated points 
and values as shown in Fig. 2. It will be noted that 
a materially higher road illumination and a wider 
spread of beam are required than is the case in the other 
states. The values of illumination desired by the large 


-800 ep. Max. -2400 ep. Max. 


--~ 
e 


/_.. \HEAD LAMPS 


Some point between e & f 
1200 ep. Minimum 


Some point between 
a & b 4800 ep. Min. 


ROAD, LEVEL 
L 4° ira 4° 


Fig. 1—Liwitine C. P. VaLtures 
Measured on vertical plane 100 ft. ahead of car. 


number of observers in the tests described in the pre- 
ceding item, would seem to indicate in favor of the 
Massachusetts regulations, and raise the question 
as to whether the values of earlier regulations are 
sufficiently high. 

In some of these fourteen states the administration 
of the regulation goes no further than the requirement 
that every car must be equipped with a cover glass or 
device properly focused and aimed, which is of a type 
approved by the state authority on the basis of a lab- 
oratory test. All of the states except Wisconsin issue 
lists of devices which are so approved. In Wisconsin, 
it is merely provided that the motorists must have his 
car equipped so that his lighting at all times complies 
with these regulations. Various test stations are pro- 
vided where he may be sent to determine whether he 
is complying with the law, and various garages and 
dealers are designated by the state as competent to 
equip and adjust head-lamps under the regulations. 
In several of the other states the approved device pro- 
vision is supplemented by checking up in service under 
the same performance specification either on the road or 
at special test stations. 

In giving lists of approved devices the authorities in 
some states indicate the maximum candle-power of 
the incandescent lamps which may be used with each 
device. As a rule in approving these devices the state 
has further required that they pass the regulations 
when equipped with the standard 15-candle-power 
vacuum and the 21-candle-power gas-filled lamps. A 
number of the states make a general ruling that no 
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lamp above a certain candle-power shall be employed 
in any device: 


ATIZ ONS pee ere 32¢c.p.max. Nebraska........ 24 c. p. max. 
Calitornialeramrs 32:4. p.max. New York. soon. 24 c. p. max. 
Connecticut......24¢.p.max. Ohio............. 32 ¢. p. Max. * 
TOWaiccoemen esc 32¢.p.max. Pennsylvania..... 32 ¢c. p. max. 
Mainé....2.0.+1.82¢)p.max. Utah? 7s. ones c. Derlieee 
Maryland........32¢.p.max. Washington..... .27 c. p. max. 
Massachusetts....2l¢.p.only West Virginia..... 32 c. p. max. 
Minnesota........32¢.p.max. Wisconsin........ 32 ¢c. p. Max. 
Mississippi. ......36¢. p. max. 


Much confusion has arisen among car owners, the 
automotive trade and miniature lamp agents as a 
result of such provision. Many times it has been 
assumed that a lamp of the highest candle-power per- 
mitted was thereby also recommended for use. This 
is far from being the case. Substantially all of the 
headlighting equipments now on the market were 
designed for use with the 21-candle-power gas-filled 
lamp primarily and give the best results with this lamp. 
Results with lamps of higher candle-power are often 
inferior due to larger size of filament causing greater 
vertical spread of beam, heavier drain on the battery, 
ete. The Massachusetts officials, realizing the dis- 
advantages of the higher candle-power lamp, as well 
as the far greater candle-power depreciation occurring 
with the vacuum lamps, included in their regulations 
the requirement that only 21-candle-power gas-filled 
lamps may be employed. 

A strict interpretation of the regulations would in 
some of the states make it illegal at any time to use 
a controllable headlight. Massachusetts provides that 
any controllable device must comply with the law in 


4° 
"800 cp. Max. on 


HEAD LAMPS 
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ae i M sn 
6400 cp. Max 
EK oF > Bi > 
All points on a line between 

PL & PR 4400 ep. Mini 


All points on a line between 
QL & QR 1000 ep. Minimum 


. 
Fie. 2—Liuitine C. P. REQUIREMENTS 
Measured on vertical plane 100 ft. ahead of car. 


its “up” position and in one or two of the other states 
the enforcement officers have in their interpretation 
of their regulations barred any controllable equipment. 
On the other hand, Ohio is typical of the states which, 
with similar laws, do not bar the controllable device 
but simply leave it to the car driver never to use more 
light than the law allowsabove the horizontal when there 
is an approaching driver or pedestrian in sight. In 
other words, the same rational attitude is adopted 
toward the controllable device as in connection with 
speed. The man on the country highway violates the 
speed regulations with impunity so long as he does not 
endanger other persons or property. There is no 
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reason why the utility of his car should be any more 
_ restricted by limiting him to lighting, with which he 


can under most conditions not proceed safely atany more 
than 25 miles per hour. As the speed increases the 
need for additional light above the horizontal becomes 
rapidly more urgent in order to reveal the road far 
enough ahead for the safety of the driver and his pas- 
sengers as well as of pedestrians on the road. Devices 
of the character which employ two reflectors and two 
lamps in each unit, or in which the beam can be tilted 
by moving all or a part of the reflector, are needed for 
safe driving if a car owner is to obtain reasonable 
utility of his car in country driving. 


NEW MILL-TYPE LAMPS IN REFLECTORS 
AND WIRE GUARDS 

A few months ago a new mill-type lamp was made 
available to users of incandescent lamps. This mill- 
type lamp is even more substantial than its predecessors, 
being designed better to withstand the hard usage to 
which mill-type lamps are subjected. In order to make 
this lamp more substantial, it was necessary to use a 
ring-type filament, a relatively short light-center length 
and a new shape in the tipless pear shaped bulb. Since 
the distribution of light and the reflector efficiency de- 
pend upon the lamp filament being in a certain position 


25° 
Fig. 1—PorcELAIN 


ENAMELED SHALLOW DomE—12 In. 
DIAMETER 
------ p-19 mazda mill-type lamp in reuglar ‘‘O”’ holder position—re- 
flector efficiency 58 per cent. 
p-19 mazda mill-type lamp with standard 1 3 /8-in.socket extension 
—refiector efficiency 76 per cent. 
Fig. 2—PorcetaiIn ENAMELED Bowu 
DIAMETER 
------ p-19 mazda mill-type lamp in regular 
flector efficiency 46 per cent. 
p-19 mazda mill-type lamp with standard 13 /8-in socket exten- 
sion—reflector efficiency 61 per cent. 


REFLECTOR—714-IN. 


“O” holder position—re- 


with respect to the reflector surface, some trouble 
may be experienced in adapting the new lamp to 
reflectors which were designed for the earlier straight- 
side bulbs. Some difficulty may also be experienced 
in using the new lamp in the styles of wire guards now 
commonly used. 

If these new mill-type lamps are merely placed in 
reflectors designed for regular lamps, the shortened light- 
center length throws the filament too high up in the neck 
of the reflector. This results in a freakish distribution 
of light and a tendency to concentrate the light too 
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much in a small spot beneath the reflector. The dotted 
curves of Figs. 2, 3 and 4 show this concentrating effect. 

By using a standard 13¢-inch socket extension in 
each of the four standard reflectors shown, the pocketing 
of the light in the neck of the reflector can be minimized 
and the distribution of light brought back almost to 
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Bown 
AMETER 
------ p-19 mazda mill-type lamp in regular ‘‘O”’ holder position—re- 
flector efficiency 39 per cent. 

p-19 mazda mill-type lamp with standard 1 3/8-in. socket exten- 
sion—reflector efficiency 50 per cent. 

Fig. 4—Ligut-Drnsiry Opan Bown Reriecror—7-in. 

. AMETER 

------ p-19 mazda mill-type lamp on regular “‘O’’ holder position—re- 
flector efficiency 69 per cent. 

p-19 mazda mill-type lamp with standard 1 37, 8-in. socket exten- 
sion—reflector efficiency 80 per cent. 


Fig. 3—ALUMINUM-FINISH 


Reriector—7 %-In. Dr- 


Dri- 


normal, shown by the solid line curves. The reflector 
efficiencies are thereby very appreciably increased. 
The captions under the curves indicate the equipment 
used in the reflector and the resulting efficiency: 


Reflector Using P-19 Mill Without Socket With Socket 


Type Lamp Extension Extension 
Porcelain-Enameled Shallow 
DOGS ee eee tee OO DOIECOLLG 76 per cent 
Porcelain-Enameled Bowl ...... 46 per cent 61 per cent 
Aluminum Finish Bowl......... 39 per cent 50 per cent 
Light Density Opal Bowl....... 69 per cent 80 per cent 


Because many of the wire guards now in use were 
designed to fit the 16 and 32 candle-power lamps, 
they do not fit the new P-19 lamps. To be effective, 
the outer strands of a guard should clear the lamp bulb 
on all sides so that knocks and shocks may be absorbed 
rather than transmitted to the glass bulb. 

Many of the wire guard manufacturers are now either 
designing guards to fit the new pear shaped bulbs or 
remodeling their old ones to fit thislamp. In most of 
the cases where the guards touch the glass of the bulb 
near the neck it is possible to bend the wire strands 
to clear the lamp. When the guards have very heavy 
strands, confining collars, or cast half-reflectors as a 
part of the guard, itis generally possible to accommodate 
the new mill-type lamps by using the same socket 
extensions suggested for use with the reflectors. 

Already some of the manufacturers have produced 
guards and reflectors designed especially for the new 
lamps, while others will undoubtedly redesign their 
equipment where possible, to fit. 


Textile Printing 
Its Power Requirements and Electric Drive 
BY CHARLES T. GUILDFORD | 


; Member, A. I. E. E. 
Westinghouse Electric & Manufacturing Company, E. Pittsburgh, Pa. 


Review of the Subject.—Textile printing is the process of 
applying colored patterns and designs to all sorts of textile fabrics. 
The origin of the art dates back about 2000 years and credit for 
its discovery is given to both China and India. The present method 
of printing, known as cylinder or roller printing was invented and 
received its initial success about 1783-85. 

There are five methods used in textile printing, namely hand block 
printing, perritone or machine block printing, stenciling, flat 
surface printing from engraved copper plates, and cylinder printing 
from engraved copper rollers. 

Of the five, cylinder printing is the most modern and important. 
By this means almost any style of design on almost any fabric can 
be produced in from one to sixteen colors, and the output from such 
a machine compared to hand block printing is enormous. For 
example, the cylinder machine can readily print in 144 minutes 
the same number of yards of cloth that would require 15 hours by 
the block method. 

The machine in its simplest form, viz.: a one-color machine, 
consists of a print roll or hollow copper cylinder wpan which the 
pattern to be printed is engraved, a cast iron cylinder, the surface 
of which serves as a backing for the cloth to be printed, the furnisher 
or roll which carries the color to the print roll, the cleaning doctor 
which removes the surplus color from the print roll, and the color 
box which holds the color. The rolls are suitably mounted in 
bearings so that the print roll surface is in contact with the 
cylinder, the cloth passing between the print roll and the cylinder. 
Color is supplied from the color box by the furnisher to the print 
roll which imparts it to the cloth. After printing the cloth is 
passed over dryers to dry the fresh color. 

The load on a printing machine consists of two parts, (a) con- 
stant load consisting of the dryers, guide roll and cloth conveyers, 
and (b) a variable load depending principally wpon the class 
of goods to be printed, the length of and pressure used on the print 
rolls and the speed of the machine. The print roll pressure 
depends much upon the operator giving what in his estimation is 
the proper set for the rolls. This has been found to vary as much 
as 100 per cent for the same class of goods. 

A series of tests made on several machines each driven by a d-c. 
motor, in one plant printing cotton cloth 27 to 36 in. wide, gives 
the following results: 

Speed Variation: On machines ranging from four to nine colors 
a maximum machine speed range on any one machine was 4.82 to 1 
with a maximum and minimum production for all machines of 
84 to 114 yards per minute. 


POWER INPUT Production 


Machine Watts Input Yd. per min. 
Duplex 2-color...... 4950— 8800 14.6-43.6 
Single 5- “ 2200-— 8800 22 .0-82.0 

ee AG 8960— 7O40 22.8-54.6 
sol Sa.2 S 4620-11000 15.0-72.0 
glee = 4620-12980 15.4-56.5 


A heer printing is the process of applying by 

various means colored patterns or designs to 

all sorts of textile fabrics, cotton, wool, silk, 

jute, linen and various mixtures of these and other 
fabrics. 

The process is a form of dyeing and differs from it 

only in the fact that in dyeing the goods are colored 
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From a variety of tests in different plants it appears that no 
fived rule can be given to cover power requirements of a machine 
of given size. Experience and tests in a given plant enable one 
sometimes to fix approximate ratings for these machines, running 
a given line of goods. For example, a large printing plant running © 
silk goods has adopted the following ratings. 


Three-color machine 10h. p. 


Six e e 16 h. p. 
Eight “  « 20 h. p. 
Twelve “ 3 30h. p. 


Another large printing plant running cotton goods has adopted 
the following: 


Three-color machine 20h. p. 
Five " is YIP GO: 
Six 35h. p. 


“ “ 


There are three general methods of electric drive used on printing 
machines: (1) Direct-current motor with multi-voltage control. 
(2) Commutator-type a-c. motor. (3) Direct-current motor with 
field and armature control by resistance. The first is one which 
supplies a number of operating voltages for the motor to give the 
necessary speed changes and requires special generating equipment, 
together with additional lines to swpply these voltages. The second 
is the straight series type commutating motor with brush-shifting 
device. The motor is operated from a constant-potential a-c. line 
and speed changes are obtained by shifting the brushes on the 
commutator. 


The third is the standard d-c. type with speed control through 
resistance for both field and armature, and is operated automatically 
by push buttons or manually with face plate or drum controller. 


The control for the d-c. motor consists of a series of mag- 
netic contactors and rheostats either mounted complete on a 
panel or with rheostats combined in a single unit and separately 
mounted. 


The operating push-button station usually has 5 buttons consisting 
of the “‘start,” “stop,” “jog” or “inching,” “low speed,” and 
“high speed.’ The jog or inching button is for the purpose of 
operating at low speed when setting the print rolls for correct regis- 
tration. The start button is for automatically accelerating to the 
speed for which rheostats are set (this speed may be low or full- 
load speed of the motor, depending upon whether the slow or the 
fast button has been depressed), the slow button for the low speed 
to enable the operator to inspect the quality of printing, the fast 
button to bring the motor wp to the highest speed at which the cloth 
can be printed and dried, and the stop button to stop the machine on 
any speed. Single stop buttons are in addition located at several 
convenient locations for stopping. 


Dynamic braking is often desirable to bring the machine to a 
quick stop and is readily obtained with this control. 


uniformly throughout, while in printing, the color is 
placed on part of the goods only in the form of a design. 
The basic coloring material used for both is the same, 
although any colors capable of being made into a vis- - 
cous fluid can be used for printing, in which case the 


development of the color may be completed either by 
steaming or dyeing. 
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HISTORY 


Without attempting to go into the details of the 
history of the art, a few facts gleaned from authorities 
on the subject will give an idea of its origin and en- 
trance into Europe where it received its greatest impetus 
and development. 

The art of printing appears to have been discovered 
and practised independently and at different times by 
several countries. Letter press printing from engraved 
blocks of wood was practised in China nearly two 
thousand years ago. Printed cottons by the Hindoos 
were known and esteemed by the Romans in the early 
days of the empire and discoveriesin the Egyptian tombs 
of fragments of cloth decorated with colored designs 
give evidence of a knowledge of some form of the art. 
The matter of priority seems to be an unsettled ques- 
tion, but it is generally conceded to lie between China 
and India. The Chinese were the first to use engraved 
blocks of wood for general printing and it is thought 
probable that the same idea would lead to the deco- 
ration of textiles. On the other hand, as the art was 
a flourishing commercial industry in India during the 
earliest centuries of the Christian era, it is possible 
that the art originated in this country. In any case, 
the source of European textile printing is traced to 
India. 

About the latter part of the seventeenth century, 
the French, from their possessions in India, obtained a 
knowledge of the art and it is probable that they were 
the first to practise calico printing in Europe. From 
there it rapidly became known in Germany, Holland 
and England, and later spread to other countries. At 
the present time it is practised in all parts of the civil- 
ized world, and advance in the art in the last two 
centuries has been so great, and the output so large, 
as to be many times that of the eighteen centuries 
preceding. 

The present method of printing, known as cylinder 
or roller printing, is the product of the invention 
generally credited to Belle, a Scotchman. Patents 
were taken out by him in 1783, and from 1785, when it 
received its initial success, to the present time, it has 
been the method most largely used. 


METHODS OF PRINTING 


There are five methods used in textile printing, viz., 
hand block printing, Perritone or machine block print- 
ing, stenciling, flat press printing from engraved copper 
plates, and cylinder printing from engraved copper 
rollers. 

Of the five, cylinder printing is the most modern and 
most important. 

Fach method has its advantages and no one can 
replace the other without sacrificing some desirable 
quality of work. Block printing is the oldest: and 
generally considered the most artistic and after cylinder 
printing, the most important. In block printing, the 
design is cut in relief in a block of close-grained wood, 
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and the color is applied to the raised parts and the 
block is stamped by hand or by machine upon the cloth 
to be printed; while in cylinder printing, the design is 
engraved on a copper roller and the color is applied to 
the incisions and the impression made by pressing the 
color into the cloth by revolving the roll and pressing 
the cloth against its surface, both operations being done 
by the machine. By this means nearly any style of 
design on almost any fabric can be produced in from 
one to sixteen colors and the output from such a machine 
compared with hand block printing is enormous, run- 
ning as high as 18,000 yards of cloth in one color and 
ate yards in twelve colors per machine in a working 
ay. 


Fig. 1—One-Cotor MacuHiIne 


A Print roll. 
B Print roll mandrel. 
C Impression cylinder. 
& Cylinder shaft. 
F Cylinder bearing box. 
G Color box. 
H Color furnisher roll. 
I Cleaning doctor. 
kK Print roll pressure screw. 
Courtesy Rice, Barton & Fales Machine & Iron Co., Worcester, Mass. 


To quote an apt comparison given by Mr. Robert 
Roech, in a paper read before the National Association 
of Cotton Manufacturers: 

To state briefly, block printing was done on precisely the same 
principle as the stamp and pad in common use today, but on a 
larger scale. Blocks were usually ten to twelve inches square, 
so that with a block of 12 inches square it would require 450 
impressions to print a piece 50 yards long and one yard wide, 
and if it should happen to be a four-color pattern it would then 
mean 1800 impressions. It would take a very smart printer to 
print two impression per minute, making allowance for changes, 
ete. This would mean 15 hours for 1800 impressions, whereas a 
cylinder printing machine could readily do the same number of 
yards in one and a half minutes. This gives an idea of the 
immense gain in product since the introduction of the cylinder 
printing machine, and for many classes of fine work the differ- 
ence in quality is almost as marked. 


CYLINDER PRINTING MACHINE 
The modern cylinder printing machine is illustrated 


in Figs. 1 and 2. 
Fig. 1 shows a one-color machine, which, as the name 


228 


implies, prints the design in but one color and is there- 
fore the simplest of this class of machines. Fig. 2 
gives the end view of a two-color machine, and is here 
shown with Fig. 1 to illustrate more clearly the relation 
of the print roll to the cylinder. Referring to both 
figures, the machine consists of the following working 
parts: 


Fic. 2—Two-Cotor MacHIne 
A Print rolls. 
B Print roll mandrel. 
C Impression cylinder. 
D Mandrel bearings. 
E Cylinder shaft. 
F Cylinder bearing box. 
K Print roll pressure screws. 
Courtesy Rice, Barton & Fales Machine & Iron Co., Worcester, Mass. 


Print roll A—this is a hollow copper cylinder en- 
graved with the pattern to be printed and is mounted 
on a steel shaft B, called the mandrel, which has its 
bearings D at each end. 


Fie. 3—Four-Cotor Macuine 
K, L, M, N, print rolls. 
Courtesy Rice, Barton & Fales Machine & Iron Go., Worcester, Mass. 


Cylinder C, a cast iron cylinder mounted on a steel 
shaft H which runs in adjustable bearing boxes F at 
each end. This cylinder furnishes the surface backing 
for the cloth to pass over while being printed and it is 
against this cloth on the cylinder that the print roll A 
is pressed by screws K. 

Furnisher H. This is awooden or brush roll, mounted 
on a shaft with bearings at each end, which runs partly 
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immersed in the color contained in the color box G and 
operates within 1/16 in. of the print roll. 

Cleaning doctor. This is a sharp-edged metal blade 
which rests upon and behind the print roll about mid- 
way between the contact with the cylinder and the 
furnisher. Its function is to scrape off the superflu- 
ous color from the smooth parts of the print roll, leaving 
only the color in the lines of the engraving. 

Lint doctor. This is a small blade mounted on 
the opposite side of the roll from the cleaning doctor 
and its function is to catch the loose filaments and nap 
from the cloth which stick on the print rolls. It is 
used only where goods have a tendency to shed lint. 

Lapping. In order to impart to the cylinder the 
elasticity necessary to obtain a full impression of the 
pattern, the cylinder is wrapped with several thick- 
nesses of special fabric called lapping. 


Fic. 4—Ei1Gut-CoLtor DuPpLex MAcHINE 
Courtesy Rice, Barton & Fales Machine & Iron Co., Worcester, Mass. 


Blanket. In order to give additional spring to the 
surface against which the print roll works, an endless 
woolen or rubber blanket circulates around the cylinder 
next to the lapping. See Figs. 4 and 5. 

Back gray. This is a cloth which is run over the 
cylinder between the blanket and the cloth to be printed 
and its function is to absorb the color which comes 
through the printed cloth, thus preventing blurring 
of the printed cloth. See Figs. 4 and 5. 

The above constitute the principal working elements 
of the machine. Other parts, such as the supporting 
frame, driving gears, cloth rolls, adjusting screws, etc., 
are contributory to revolving the print roll, furnishing 
the color therefor and passing the cloth over the 
cylinder to receive the printed design. 

A two-color machine, Fig. 2, is made by adding to 
the one-color machine a second print roll with its color 
pan, furnisher and doctor. The surface of this second 
roll has engraved on it that part of the complete de- 
sign which is to be printed in the second color, and the 
roll is so adjusted on the cylinder as to match and com- 
plete the counter part of the design printed from the 
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first roll. In like manner a four-color machine is made 
by assembling four print rolls K, L, M and N , as shown 
in Fig. 3. All other parts of the machine remain essen- 
tially the same, except that the supporting frame is 
made heavier and the necessary bearings and adjust- 
ing screws for the additional print rolls with their 
auxiliaries are added. 


SETTING THE MACHINE 


Before attempting to print even a sample of cloth, 
each of the print rolls of the machine is adjusted so 
as to give very nearly the correct registering of the 
design, one with the other. Two settings are necessary: 
First, longitudinally. This is accomplished by shifting 
each roll so that the index line of each cut around the 
circumference of the roll near the end is in the same 
vertical plane; this being determined by use of a small 
square placed on the surface and squaring successively 
each print roll from the cylinder. Second, circumferen- 
tially. This is accomplished by revolving each print 


Fig. 5—Twetve-Cotor Dovusie-CyLinpER DupLtex MacHINne 


Courtesy Rice, Barton & Fales Machine & Iron Co., Worcester, Mass. 
ve 


roll so that the index point (marked on the roll) comes 
into register on the cylinder; this being determined 
by the use of a tape placed around the cylinder and hav- 
ing distance marked on it equal to the circumference 
of each print roll. 

After these adjustments are made, the index points 
are filled with color and a small piece of cloth stuck 
to the gray is run slowly through the machine. The 
registration is printed on this cloth and if not correct, 
further adjustments are made and the cloth run through 
again. This is repeated until the registration is nearly 
correct. After this a quantity of cloth is run through 
the machine at lowest speed during which the final 
adjustment for registration of the complete design is 


made. 


RUNNING THE MACHINE 


After setting the machine, the goods are then run 
through at full speed, which varies with the class of 
goods and the number of colors being printed, e. g., on 
some cotton goods this may range from 40 to 80 yards 
per minute. As the cloth comes from the machine 
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it is passed through hot air dryers, or over steam drying 
cans to dry the fresh colors, and this rate of drying 
determines in a measure the speed at which the cloth 
may be printed. Also inspection of the cloth requires a 
slowing down from full speed at intervals. 
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Fie. 6—Dracram SHowine TRAvEL oF Print Cioru, Gray 
CLOTH AND BLANKET DURING PRINTING AND Drytna Process 
On a machine printing on one side only. 


LOAD 


The load of a printing machine unit is made ‘up of 
two parts: (a) A constant load consisting of the dryers 
for the printed cloth, the delivery mechanism for the 


DUPLEX CIOTH PRINTIUG MACHINE (FOUR COLORS PER SIDE) 
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Fig. 7—DiagramM SHOWING TRAVEL oF PrinT CioTH, GRAY 
CLotH AND BLANKET DURING PRINTING AND Dryine Process 
On a machine printing on both sides of the cloth or “duplex” machine. 


first grey 


Drying cans 


cloth, grays and blankets to and from the machine 
and dryers, the dryer blanket washer (if used) and 
oscillation of doctors. (b) A variable load depending 
on the following: 
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1. Kind of goods being printed. 
2. Length of, and pressure used on print rolls. 
3. Speed of the machine. 
4. Length of, and pressure used on color doctor. 
5. Diameter of roll of cloth to be printed being fed to the 


' machine and the weight applied to the brake wheel on the same. 

6. Diameter of roll of grays and weight applied to the brake 
wheel on same. 

7. Bearing friction of cylinder. 

Items 4 to 7 inclusive may be considered negligible 
when compared with the total power requirements. 
Items 1, 2 and 8 are theimportant items to be considered, 
and of these, item 2 is most important. The pressure 
on the cylinder makes up the larger part of the load 
and while the amount of this pressure or set of the print 
rolls depends upon and should be determined by the 
class of goods being run, it isin many cases determined 
by the operator, and as operators differ in their ideas 
as to how much set gives the best results, this item is 
not easily estimated. 
human element and has been found to vary 100 per 
cent on similar work. Apparently there is no rule 
for the amount of this set, nor any means used to indi- 
cate it. Where a machine is driven by an electric 
motor the amperes for a given speed would indicate 
very closely the relative set. A large ammeter then 
placed where the operator and foreman could easily 
read it would be a means of determining and always 
running with the right set for the same goods. 

Following are a series of tests made on several sizes 
of machines, showing speed variations and loads under 
normal operating conditions. The tests were made 
with d-c. motors with hand control. 


TESTS 
1. This series of five tests made on different ma- 
chines shows the production and speed ranges during 
normal operation. It will be noted that the produc- 
tion ranged from 14.5 to 82 yards per minute, while 
the extreme speed range was 4.82 to 1. 


Driving shaft 

rev. per min. Yd. per min. 
Size Speed 
Colors roll Min. Max. Min. Max. range 
4 16-% 43 129 14.5 44.5 3.0 -1 
5 16-—% 70 238 22.0 82.0 3.4 -1 
6 15-% 68 211 22.8 76.0 3.1 -1 
8 15 48 231 TSAO) 7g tay 4.82-1 
9 16—34 49 173 15.4 56.5 3.5 -1 


2. These tests made on one machine, running first 
seven colors, then eight, show extreme changes in 
speed sometimes called for. 


Driving shaft 


rev. per min. Yd. per min. 


Colors roll Min. Max. Min. Max. 
7 15-% 24.5 22 Srl | 72.6 
i 16-4 4.2 2 1.4 84.0 
8 17-% 25.0 188 8.4 | 62-% 
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The following tests show speed and watts input on 
control points provided with electric drive on different 
sized machines on normal operation. 

3. Test on two-color duplex machine, with two print 
rolls per side, two grays on one side and one on the other, 
Baker cloth blanket, three drying cans for cloth, two 
drying cans for one gray and three small drying cans 
for the other gray. 


trol Shaft Yd. Motor Watts 
points rev. per min. per min rev. per min input 

1 43 14.5 69 4950 

2 56 18.8 90 4620 

3 63 ep WED t 101 3850 

4 65 21.9 104 4950 

5 83 28.1 133 5060 

6 105 35.3 168 6160 

7 115 39.4 184 8800 

8 129 43.5 206 8800 


4. Test on five-color machine with drag roll, 31-in. 
cotton cloth, two grays, baker cloth blanket, three 
cloth drying cans, two gray drying cans. 


Control Shaft By Ol Motor Watts 
points rev. per min. per min. rev. per min. input 

1 70 22 112 2200 

2 Be east) 25 120 2640 

3 74 23.4 118 2530 

4 83.5 28 133 3080 

5 89 30 142 3080 

6 116 40 185 3190 

Tf 147 50 235 6380 

8 147 50 235 6380 

9 147 50 235 y 6380 

10 168 60 269 6600 

11 180 63 288 7700 

12 238 82 381 8800 


5. Test on six-color machine with drag roll printing 
27-in. cotton cloth with one gray and rubber blanket. 


Control Shaft Nae le Motor Watts 
points rev. per min. per min rev. per min. input 
1 68 22.8 109 3960 
2 61.5 20.3 99 2860 
3 68.5 23 110 2750 
4 76.5 25 122 3190 
5 88 29.5 141 3190 
6 114 38.4 183 4180 
7 133 44 213 5500 
8 144 48.5 230 6160 
9 141 AT 226 6600 
10 160 54.5 256 7040 


6. Test on eight-color machine with one gray, 
rubber blanket, three cloth dry cans, 84 in. by 50 in., 
two dry cans for gray, and printing 27-in cotton cloth. 
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Control Shaft Yd. Motor Watts 

points rev. per min. per mii. rev. per min. input . 
4 48 15 the 4620 
58.5 18.3 94 4070 
3 62 19.7 99 3850 
4 65.5 20.5 105 4070 
5 87 27 139 4290 
6 109 33.9 175 4950 
7 124.5 38.8 199 7920 
8 139 43.3 222 7920 
9 185 42 213 7920 
10 160 50 256 ; 7920 
ital 179 56 287 8800 
a 12 231 72 370 11000 


hates _ Test on nine-color machine with one gray, rubber 
blanket, cloth 36 in. wide. 


Control 


n Shaft Vid: Motor Watts 
points rev. per min. per min, rev. per min. input 
ud 49 15.4 80 4620 
2 68 22.8 is iit 4950 
3 65 20.7 106 4730 
4 70.5 22.2 116 4950 
5 85 27.1 139 5500 
6 104.5 33.5 171 6710 
7 130 42.2 213 10100 
8 157 51.2 257 11000 
9 144 47 236 11000 
10 152 49 249 11000 
11 183 56.5 283 12980 


From the foregoing it may be seen that the load 
of a printing machine unit is determined by the opera- 
ting conditions existing in each plant and that no 
rule can be given to cover it for cases in general. Ex- 
perience and tests have enabled some plants to fix an 
approximate rating for the different sizes of machines 
running their particular line of goods, e.g., a large 
plant printing silk goods has adopted the following 
ratings: 


Three-color machine............... 10h.p. 
Six-colommmachines= 2. soe erie ss Lom p: 
Rieht-color machine. 4.,2..0..+1-. 20h. p. 
Twelve-color machine.............. 30h. p. 


Another large plant printing cotton goods adopted 
the following: 


Three-color machine.............-. 20h. p. 
Hive-colorsmachine = emtn eee ee 20 Hap. 
Six-color machine......... Br5) ie 18k 


Another specified 50 h. p. for an eight-color machine 
on cotton goods. 


METHOD OF DRIVING 


Thé print rolls which are the principal part of the 
machine are run by one large gear A (Fig. 8) separately 
mounted and meshing with the print roll pinions B. 
This gear is in turn driven by pinion C mounted on a 
separate shaft D. This is in turn driven by gear, 
chain or pulley driven from a general power line shaft, 
separate steam engine or electric motor. 
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Whenever electric power is available, the line shaft 
or steam engine methods of drive are usually super- 
seded by the electric motor and control designed to 
give the required operating speeds. 

On account of the wide range of various speeds 
required for setting, testing and running the cloth, 
also because of the necessity of frequently running 
goods at low speeds, and as the machine may run for 
a considerable time at low speeds during which the 
motor should be efficient, this is best obtained with a 
direct-current motor. 

There are three systems of electric drive applicable 
to printing machines, all of which are designed to give 
the speed changes required for this class of work, viz.: 


.: (1) Direct-current motor with multi-voltage control, 
(2) Commutator-type a-c. motor, 
(8) Direct-current motor with field and armature 


control by resistance. 


Fig. 8—Drive Enp or Printing MacHINE WITH STANDARD 
D-C. Motor anp CuHatn DRIvE 


A Main driving gear for print rolls. 
B Print roll gears. 
C Driving pinion. 
D Driving shaft. 
Courtesy Rice, Barton & Fales Machine & Iron Co., Worcester, Mass. 


The first, or multi-voltage system is one which 
supplies a number of operating voltages for the motor 
to give the necessary speed changes. The system 
requires special generating equipment and also addi- 
tional line wires to supply these voltages. Hand or 
automatic control is used to throw the motor on to 
the different lines. 

The second, or commutator-type a-c. motor, is the 
straight series type commutating motor with brush 
shifting device, the motor being operated from ‘the 
constant voltage a-c. lines, and the speed changes 
obtained by shifting the brushes on the commutator. 

The third, or direct-current type with field and arma- 
ture control by resistance, is the standard d-c. motor 
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used with external resistance for both field and arma- 
ture, and manipulated automatically by push buttons 
or by hand with face plate or drum controller. 

The standard direct-current motor has long been 
successfully applied to this class of work. It meets 
the requirements of speed changes and runs efficiently 
at light loads, a condition which often exists in printing. 

The particular feature which has lately brought 
the standard d-c. motor to the fore for this application 


Fic. 9—Avtomatic Etectric Controt .PaneL ror D-C. 
Motor For Printing MAcHINE 


A Shunt armature contactor. 

B Armature accelerating contactor. 
C Armature accelerating relays. 

D High torque relay. 

FE Full field relay. 


is the development of the automatic control for this 
motor. This enables the printer to give his entire 
attention to the product and to change quickly and 
adjust speeds from any selected locations. 


THE CONTROL 


This control consists of a series of magnetic com 
tactors and rheostats, either mounted complete on a 
panel or with rheostats combined in a single unit 
and separately mounted. 


The speed of the motor is regulated through arma- 
ture and field. control by .the use of these contactors 
and resistances and may be controlled by hand opera- 
tion of the rheostats, or automatically by the use of 
push-button stations. The low operating speeds are 
obtained by the_use of resistors, both in series and in 
shunt with the armature, the field of the motor being 
at its maximum strength. The higher speeds are 
obtained by first connecting the armature of the motor 
directly to the line and then weakening the field. 


Assuming that the controller is manipulated by 
means of push buttons, five usually constitute a com- 
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plete set. These consist of a “start,” “stop mmelog | 
or “inching,” “low-speed,” and “high-speed” buttons. 

The jog or inching button is for the purpose of 
operating at a low speed when setting the print rolls 
for correct registration. This would be a speed less 
than the rated low speed of the motor; e. g., if the motor 
is designed to give 500 to 1500 rey. per min., by field 
control, the jog button should give a motor speed of 
125 rev. per min. if held down long enough for the 
motor to attain this speed. In setting for registration, 
however, the button is frequently pushed and released 
before the motor attains this speed, so that mere start- 
ing of the print roll may be accomplished. The 
machine should run only while the button is held down, 
and stop when the button is released. This enables 
the printer to make a rapid setting and prevents waste 
of cloth. 

After the setting of the print rolls, the machine is 
operated for the normal run from the four remaining 
buttons. 

In starting the machine, the “start”? button being 
depressed momentarily, causes the motor to accelerate 
automatically to the speed for which the rheostats 
are set. This speed may be a fraction of or the full 
speed of the motor depending upon whether the “‘slow”’ 
or the “fast”? button is depressed. Either speed is 
predetermined for the class of goods to be run, the low 
speed being such as will enable the operator to inspect 
the quality of printing, which may be one-quarter to 
one-half the low rated speed of the motor, and the 
“fast”? being the highest speed at which the cloth can 
be properly printed and dried. The motor continues 
to run at this speed until changed by depressing another 
button. If the machine is running full speed, then 
depressing the “‘slow’’ button reduces the speed to 
that usually required for inspecting, or if running at 
low speed, then depressing the “‘fast’’ button increases 
the speed to full. Depressing the ‘‘stop’’ button stops 
the motor when running on any operating speed or during 
acceleration. 


F.F.R. 


Fra. 10—Controt Diagram For D-C. Moror’ ror PRINTING 
Macutnr Drive ‘ 


Usually several “stop”? buttons are connected in 
series and located one at the front of the printing machine 
and one at the cloth delivering end of the dryer, and 
often between these points as may seem advisable so 
that the motor can be stopped from these points 
during ordinary inspection, or in case of accident. 

A “safe run’ button station is sometimes pro- 
vided near the five-button station for making 
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the machine safe during repairs, adjustments, or chang- 

ing the print rolls. , 
Dynamic braking is often desirable to bring the ma- 

chine to a quick stop and can be readily obtained by 


Fie. 11—Twetve-Cotor Ciora Printing MacHINE IN 
OPERATION, LAWRENCE, Mass. 


Tubs containing colors shown in lower foreground. Finished printed 
cloth shown above operator. 
Courtesy National Geographic Society, Washington, D.C. 


connecting resistance across the armature cricuit of 
the motor when the line contactor is open. 

Fig. 10 illustrates the scheme of connection which 
shows the principal operating features of such a con- 
trol. The starting resistor in the armature circuit of 
the motor is short-circuited by contactors No. 4, 5, 


T r 
Fic. 12—Barrery or 48 Printing MAcHINES AT WorK, 
LawrReENcE, Mass. 


Courtesy National Geographic Society, Washington, D. C. 


and 6, the closing of these being controlled automatically 
by relays which function in proportion to the load on 
the motor. The other resistance in the armature 
circuit is used for regulating the speed of the motor 
andffor dynamic braking. The resistor in series with 
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the field winding is used for obtaining the higher op- 
erating speeds by reducing the field strength of the 
motor. This field rheostat is short-circuited by a relay 
which gradually reduces the field strength during accel- 
eration by alternately opening and closing the shunt 
to . this rheostat. This relay is actuated by a series 
winding which closes the contact when the current 
exceeds the fixed value and opens it when the current 
is reduced to normal. 

High starting torque is very desirable in such an 
application and can be readily obtained by the use 
of a torque relay. : 

It is very desirable to have the current in the shunt 
field reduced below normal while the motor is not 
running, to prevent heating of the field coils. At the 
same time normal field current is preferable for dynamic 
braking. Both can be obtained by the use of a relay. 

This paper has been prepared with the assistance 
of H. D. James, member of the committee on Industrial 
and Domestic Power. 


EFFECTS OF DISTRIBUTED CAPACITY 
BETWEEN INDUCTANCE COILS 
AND GROUND 
An inductance coil behaves in an electric circuit pri- 
marily as an inductance. The potentials of the differ- 
ent parts of the coil are, however, different from each 
other and from the potential of the ground. For this 
reason the coil also behaves to a certain extent as 
an electric condenser. The effective capacity of an 
inductance coil depends in general both on the capaci- 
ties existing between parts of the coil itself, and between 

parts of the coil and the ground. 

On account of the importance in radio communica- 
tion of capacity effects in inductance coils, careful 
studies of these effects, have been made at the Bureau 
of Standards. An interesting result which has been 
found is that one effect seems to depend primarily on 
the capacity of the coil to ground. This effect is ob- 
served when two condensers in series are connected 
across the terminals of the inductance coil, and the 
common terminal of the two condensers is grounded. 
If the inductance coil possesses capacity to ground, the 
familiar criterion for resonance in the system, com- 
puted from the known values of the capacities of the 
two condensers, will not obtain. 

If the method of measuring the effective capacity 
is that of resonance adjustment, and if a coil symmetri- 
cal as to its two terminals is used, it is found that with 
the common terminal grounded the capacity of the 
two condensers in series determined as the product 
of their capacities divided by their sum, is linearly 
related to the reciprocal of the sum of their capacities. 
This relation has been verified both mathematically 
and experimentally. 

The results of this investigation are given in a recent 
publication of the Bureau, Scientific Paper No. 427, 
by Gregory Breight. 
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Review of the Subject.—A_ power amplifier may be so con- 
nected to the circuit supplying the power to be amplified that wt 
introduces terms into the equation for the current in the power cir- 
cuitiiwhich subtract from the resistance terms. Upon this fact 
depends the operation of the device as a generator of sustained 
oscillations, as a regenerative amplifier, and as @ resistance neu- 
tralizer. In the treatment of oscillating audion or triode circuits 
this fact has been pointed out by anumber of writers but the more 
general significance of these subtractive terms has never been dis- 
cussed. This paper points out that, by making use of the idea of 
resistance neutralization, circuits and systems having all the proper- 
ties of low-resistance systems and also a number of other unique 
properties may be obtained. 


The first part of the paper derives and discusses the current and 
power relations which obtain in circuits having a resistance neu- 
tralizer associated with them. One of the things brought out 18 
that not only does the neutralizer supply power to the circuit but 
it also causes the generator or source of driving e.m. f. to furnish 
more power to the circuit than it would were the neutralizer not 
present. Thus if the source of driving e. m. f. is the impinging 
of electromagnetic waves upon a wireless antenna the neutralizer 
not only amplifies the power received but it actually causes the vm- 
pinging waves of the correspondent station to give up more power 
to the antenna circuit while it causes the waves from detuned station 
to give up less power to the receiving circuit. 

The power relations cited above while important are not the most 
important results obtained by resistance neutralization. At reso- 
nance, the power delivered to a wireless receiving system by imping- 
ing waves is inversely proportional to the net resistance, while 
the power received from detuned stations is practically independent 
of the net resistance. The neutralizer, by lowering the net resist- 
ance of the receiving system, thus causes the ratio of signal to vnter- 
ferent power to increase. In a simple series antenna circuit the 
ratio of signal to interferent power, where the interferent source 
may be either atmospheric strays or interferent station, is a function 
of (L/R)” where n is a positive number. The neutralizer thus 
increases the selectivity of the receiving station against all types of 
disturbances. 

A general physical argument is given (paragraph 7) to show that 
a triode may be made to function as a resistance neutralizer. This 
physical argument is illustrated by a mathematical treatment of 
the steady and transient states for a particular method of associating 
the triode with the circuit in which neutralization is desired. This 
mathematical treatment shows that under all conditions both in 
the steady and transient state, the neutralizer circuit functions so 
as to reduce the net resistance of the circwit of interest to some pre- 


determined value. A numerical example is given to illustrate the 
mathematical theory. In this particular circuit the ratio of the 
signal to interferent power in the steady state is increased 200 fold 
by the insertion of the neutralizer. 

Section (I1) of the paper treats of the optimum conditions obtaining 
in receiving circuits containing a resistance neutralizer, and gives 
relations for the designing of an antenna and its circuits so as to 
obtain the maximum selectivity and maximum power abstraction 
from impinging waves. The last topic discussed (Section 12) 
deals with a circuit which neutralizes resistance for a narrow range 
of frequencies near a desired frequency and introduces resistance 
and reactance into the circuit for frequencies removed fom this 
band of frequencies. A numerical example is given to illustrate the 
theory. The performance curves of the neutralizer are given by 
Figs. 12 and 18. Fag. 14 shows the ratio of the»power received at 
resonance to the power received from a detuned station by a given 
antenna circuit; first, without a neutralizer, second, with a pure 
resistance neutralizer, and third, with a selective neutralizer. For 
example, if the interferent source is detuned by 3 per cent the circuit 
without the neutralizer gives practically 1 for the ratio of signal 
to interferent power; with pure resistance neutralization the ratio 
is about 1300; with the selective neutralizer the ratio is increased 
to 3000. 
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GENERAL THEORY OF RESISTANCE NEUTRALIZATION 

1. Purpose. A power amplifier is a device having 
three elements so related that the supply of power to 
the control element of the device from an external 
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system controls the delivery of a much larger amount 
of power from a local source of power to the third ele- 
ment, the power receiving element. 

A power amplifier always comprises the three 
elements, 


1. The control, or trigger, or power input element. 
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2. The local source of power. 
3. The power receiving, or power output element. 
By suitable connections between the elements, the 


power available in the output element may be utilized 
in the following ways: 


A. The power output may all be expended in the 
output element to accomplish some desired purpose: 
this is the case of simple amplification. 


B. A part of the power output may be diverted to 
the control element to supplement the power received 
from the external or original actuating agency in such 
a manner as to increase the power amplifying ratio: 
this is the case of regenerative amplification. 


C. A portion of the power output may be diverted 
to the external system which supplies the power to 
the control element in such a manner as to cause the 
driving forces in the external system to deliver more 
power to the external system. The amplifier thus 
supplies a part only of the increased power which is 
expended in the external system. In the mathematical 
treatment of the system the amplifier constants enter 
the equations of the external circuit in the form of 
terms which subtract from the frictional or resistance 
terms. The amplifier when thus associated with the 
external agency is therefore said to have the properties 
of a negative resistance: this is the case of resistance 
neutralization. 


D. The power may be so diverted to the external 
system that any disturbance which is set up in the 
system may result in sustained oscillations (reciproca- 
ting motion) in a system in which the only driving force 
is the continuous force of the power source of the 
amplifier: this is the case of the generation of sustained 
oscillations. 


The trielectrode thermionic amplifier (the audion or 
triode) has been used in radio telegraphy essentially 
as an amplifier and as a generator of sustained oscilla- 
tions (the uses of the ‘‘triode” as a translator by recti- 
fication from radio to audio frequencies, and as a 
controller or modulator, are not under discussion) 
and its applications and possibilities as a resistance 
neutralizer seem to have been overlooked.! By this we 
do not mean to say that it has not been known that 
the amplifier constants enter into the dissipative terms 
as negative quantities. We mean that the possibili- 
ties of the use of the amplifier in such a manner as to 
increase the abstracting factor of a radio antenna for 
power from the correspondent station, and to increase 
the selective coefficient of an antenna against inter- 
ferent sources are not generally known. 

The present paper has for its object a detailed and 
quantitative treatment of resistance neutralization with 


1. Since the above was written, we have found the circuit of 
Fig. 11 described by Armstrong and Pupin in a French Patent 
abstracted in the Revue Generale de L’Ectricite, Volume 5, page 
270. This review of the patent, however, contained no analytic 
treatment of the circuit. 
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special reference to its applications in increasing the 
selective properties of radio receiving circuits. 

The treatment is divided into three general parts. 
In the first part, the general theory of resistance 
neutralization is developed. In this theory the condi- 
tions which a device must fulfill in order to function 
as a resistance neutralizer toward a circuit with which 
it 1s associated are arrived at. The second part shows 
how triode circuits may be designed to fulfill the condi- 
tions developed in the general theory, and thus how 
these circuits may be made to function as resistance 
neutralizers. The third part treats of the effects of 
resistance neutralization upon the abstractive and 
selective properties of radio receiving circuits. 

2. The Conditions Necessary for Resistance Neutrali- 
zation. Consider the circuit shown in Fig. 1. Let B 
represent a device feeding power into the circuit. 
B may have any voltage characteristic whatsoever. 
Let A be a device which introduces into the circuit 


a 


lhe, I 


1 an electromotive force e, which at every instant is 
directly proportional to and in the same direction as 
the current 7 in the circuit (¢2 = Ni). The effect of 
the device A will be called pure resistance neutraliza- 
tion. This effect is termed pure resistance neutraliza- 
tion because if we were to inclose the resistance R and 
the device A in a box D and were to bring out two 
terminals, e and f, the box would act in all respects 
like a resistance of magnitude R — N. 

The proof of this proposition is very simple. It con- 
sists in comparing the differential equation of the cir- 
cuit of Fig. 1 with the differential equation of the same. 
circuit if A were not present. Let the electromotive 
force of the source B be represented by e and that of 
the device A be expressed by the equation: 

(Op = Ni (1) 
Kirchoff’s law applied to the circuit of Fig. 1 gives the 
equation, 


ipa queso 2 
ast dips? sha aiea Gare (2) 
Differentiating (2) with respect to time gives 

de ae da Le 

yg ee ee nT Oe 
If A were not present (3) would be 

de ad? 4 di a Ns 

ie un te eC har Mois 
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Equation (3) is sufficient to portray the relations in 
the circuit of Fig. 1 under all conditions and equation 
(4) is sufficient to portray the relations in this same 
circuit with A not present. The only difference 
between these equations is that (3) contains Rk — N 
where (4) contains R. Therefore under all conditions 
and for all types of applied voltages the box D of Fig. 1 
acts as a resistance of magnitude R — N. 

3. Power Relations. In the circuit of Fig. 1 let 
the device B represent an alternator delivering a sine 
electromotive force whose root-mean-square value is E. 
Let X represent the net reactance of the circuit. 


1 

Then in the steady state, the current flowing in the : 
circuit is, 

(R-N) +j(oL- =e) 

E 
Ue = uN ey 5) 
— E me = 
VEEN) Se Xt 


The power Ps delivered by the alternator B is, 
eee ay 

(R— Ny? + X? 6) 

The power Pa delivered by the amplifier or resistance 

neutralizer A is, 


Ps = 


N E? 


Pe = pa EY (7) 
The total power Px delivered by both A and B is, 
R E? 


The power P, delivered by the generator B with the 
amplifier A removed is, 


RE? 
learnt ib 
~ Let the ratio 
ee be represented by y (10) 


This ratio y may be called the reduction factor of the 
neutralizer when associated with the particular cir- 
cuit. It is the factor by which the original circuit 
resistance must be multiplied in order to obtain the 
reduced or net resistance. 

The ratios of the power delivered by the neutralizer 
to the power delivered by the alternator, etc. are as 
follows: 


; N ar |: 
Paps = Ren ng (11) 
R 
“P2/Ps = ST eeNT ie Ly. (12) 
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Bally Seer PY aK ae) 

N R+xX iri 

Pa B = try = Nat Xe (14) 
R? + X? 

Pippy ae eg ll (15) 


For the case in which the circuit is resonant to the 
frequency of the alternator B, the power ratios reduce 
to the following forms. These ratios also apply to the 
direct current case: 


Pi/Ps = Ny = 2H) (11a) 

P:/Ps = =e = 1/7 (12a) 

Po[Po = pop = V7 (13a) 

Ly de = R — R Lee = (Liiry)2 —e 1/¥ (14a) 

Ps/P We 1/y)? (15a) 
t/ Oh = (R— Nye ( ry) 


An inspection of equations (13) and (13a) shows that 
if the circuit is resonant, the presence of the neutralizer 


in the circuit causes the alternator to deliver more 
power in the ratio of R to (R — N), while if the circuit 
is so much out of tune that the resistance R is small 
in comparison with the reactance X, the presence of 
the neutralizer causes the alternator to deliver less 
power in the ratio of (R — N) to R. 

4. A Simple Example of Resistance Neutralization. 
As a simple example of resistance neutralization, con- 
sider the circuit shown in Fig. 2. In this circuit B 
is a Shunt generator and A is a series generator used as 
a booster. For a limited range of current, the voltage 
of the booster A is approximately proportional to the 
current in the circuit. Within this range the following 
relations hold good: 


E 
R—WN 
and the series generator acts as a resistance neutralizer. 


5. Departures from Pure Resistance Neutralization. 
The conditions necessary for pure resistance neutraliza- 
tion may be summed up as follows: 


E,=NI Ts 


Mar. 1922 


rit i The resistance neutralizer A must introduce into 
the circuit 1 an electromotivelforce in series with the 
electromotive force of the power supplying device. 
2. The electromotive “force introduced by the 
resistance neutralizer must at every instant of time be 
directly proportional to and in the same direction as 
the current in the circuit. e, = Ni prio a0) 


BiGe 3 


Condition 2 insures that the following relations are 
obtained: 

a. The voltage of A is in phase with the current 7. 

b. The voltage of A is of the same wave form as the 
current 2. 

c. The voltage of A is of the same frequency as the 
current 7. 

Small departures from these relations lead to small 
departures from the condition of pure resistance 
neutralization. For instance, a slight departure from 
the relation (a) leads to the introduction into the 
circuit equations of terms which addjto or subtract from 
the reactance terms of the impedance, as well as the 
term which subtracts from the resistance. Thus a 
slight departure from relation (a) would cause the box 
D of Fig. 1 to act as a resistance’of magnitude (Rk — N) 
in series with an inductance or capacity. If the cir- 
cuit were resonant to the frequency,of the driving 
force and if the voltage of A departs7from,the relation 


PLATE CURRENT IN MILLIAMPERES 


°60 50 EA (ase 20 MNPSIOU LILO 10/20 3G 
GRID POTENTIAL IN VOLTS 
Fic. 4 


(a), the circuit would no longer be in tune with the 
voltage of B. In most cases this can be taken care of 
by retuning or by tuning while A is included in the 
circuit. 
Il. THe THREE-ELEMENT THERMIONIC AMPLIFIER 
OR TRIODE CIRCUITS AS RESISTANCE NEUTRALIZERS 
6. Definition of Triode Constants, Conventions and 
Notation. Before commencing the discussion of the 
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three-element thermionic circuit as a resistance neutra- 
lizer, it will be necessary to define the triode constants 
and to set forth the conventions which will be used in 
the following discussion. 

The elements of the thermionic amplifier or triode 
are a heated cathode, F, an anode or plate, P, and a 
third electrode or grid G, interposed between the 


GRID CURRENT IN MICRO AMPERES 


i- Gs 
VA Plate Volts 


10 20 
GRID VOLTAGE 
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cathode and anode. (See Fig. 3). ‘In the circuits 
dealt with in this paper, these three elements are 
always connected through auxiliary apparatus to a 
common point or bus. Therefore all circuits will be 
represented in a manner similar to the circuit shown 
in Fig. 3. 

The positive directions in both plate and grid cir- 
cuits will always be so taken that a + e. m. f. in these 
circuits is an e. m. f. tending to cause current to flow 
through the gas from plate or grid to filament,—or 
tending to cause electrons to pass from filament to 
plate or grid. 


Kig. 6 


By the plate current is meant the current flowing 
from the plate through the gas to filament and grid. 

By the grid current, is meant the current flowing 
from the grid through the gas to filament and plate. 

By the plate and grid potentials is signified their 
potentials relative to the negative end of the filament. 

Let the characteristics of the amplifier represented 
in Fig. 3 be given by the curves of Figs. 4 and 5. Let 
the voltages of the battery D, and the generator D, 
be so adjusted that conditions are represented by the 
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point o in Fig. 4. That is, the generator D» gives a 
voltage of 400 volts and D, a voltage of 10 volts. There 
is a continuous current of 6.45 milli-amperes flowing 
in the plate circuit. Now suppose the alternator 
D; is excited to give a voltage whose peak value is 
5 volts. Operation now takes place over the 400 volt 
characteristic from a to 6. The current in the plate 
circuit is shown in Fig. 6. This current can be broken 
up into asteady current of magnitude cd and an 
alternating current of amplitude 7,. 

Let the ratio of the plate alternating current to the 
grid alternating potential (the plate potential being 
kept constant) be called the controlled conductance 
of the plate by the grid, or briefly the controlled plate 
conductance, G ep 

I, 
AE, 

Let the ratio of the grid alternating current to the 
grid alternating potential (the plate potential being 
kept constant) be called the grid conductance, G,. 


is represented by G.p 


g 


AE, is represented by G, 


IME, 


Now imagine the alternator D; shifted to the plate 
circuit and from similar considerations let the following 
definitions be adopted: 

Let the ratio of the grid alternating current to the 
plate alternating potential (the grid potential being 
kept constant) be called the controlled conductance 
of the grid by the plate, or briefly, the controlled grid 
conductance, Ge, 


g 


A 


Let the ratio of the plate alternating current to the 
plate alternating potential (the grid potential being 
kept constant) be called the plate conductance, G,. 


ede, 
AE, 


7. Conditions Leading to Resistance Neutralization 
by Triode Circuits. In Fig. 7 let A be a region in which 
circuit 1 is associated with the three elements of a 
thermionic amplifier. Let the association represented 
by Fig. 7 be such that the following conditions are 
fulfilled: 

1. The grid must be excited from the circuit 1. 

2. The amplifier must feed power into circuit 1, and 


is represented by G., 


is represented by G, 
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the power fed into circuit 1 by the amplifier must be 
less than the sum of all the losses occurring in circuit 1. 

In order to fulfill condition 2 the bulb must operate 
so as to transform d-c. power into a-c. power. This 
requires that . 

(a) The alternating voltages introduced into the 
plate and grid circuits using the bus as a reference shall 
be 180 deg. out of phase. Variations from a phase 
displacement of 180 deg. so long as these displacements 
do not exceed 90 deg. may obtain without causing the 
triode to cease to act as a generator. However, the 
closer these voltages approach to phase opposition, 
the closer the triode functions as a pure resistance 
neutralizer. 

(b) The ratio of the plate alternating voltage to the 
grid alternating voltage must be less than the voltage 
amplification constant of the tube. 

(e,/e, must be less than G.,/Gp) 

Condition 1 above, taken together with requirements 
(a) and (b), insures that the fundamental of the voltage 
introduced by the triode into circuit 1 shall, be of the 
same frequency as the current in circuit 1, If operation 
takes place about a correct point of the characteristic 
curve of the triode, and if the triode is not pushed too 
much for output, the harmonics of the voltage wave 
which it introduces into circuit 1 should be relatively 
small. 

Condition 2, taken together with the considerations 
just mentioned, insures that the voltage introduced 
into circuit 1 by the triode will have a component in 
phase with and proportional to the current in circuit 
1. Since the voltage e. introduced into circuit 1 by 
the bulb is of the same frequency as the current in 
circuit 1, it follows that the most general effect which 
this voltage can have upon the current in the circuit 
is to change its magnitude and phase position. Then, 
that the triode may deliver power to 1, the voltage 
és must have a component in phase with 2;. Since 
7, and eé, are practically sine waves, the only manner in 
which the component of es in phase with 2, can differ 
from 2, is by a constant multiplier N. The amplifier 
thus reduces the effective resistance of the circuit from 
ea to Ike = N. 

The component of e, at right angles to 7, introduces 
a reactance into circuit 1. By a proper choice of 
circuits and circuit constants, this reactance can be 
made large or very small at will. The amplifier thus 
may be used to neutralize or to add to the reactance of 
circuit 1. If circuit 1 is a tuned circuit, the reactance 
introduced by the amplifier can, in most cases, be 
taken care of by tuning while the amplifier is associated 
with the circuit. 

If condition 2 is reversed, the bulb abstracts power 
from 1. The bulb may be made to function as a true 
positive resistance of value N. 


8. Derivation of the Steady State Equations for 
Fig. 8. As an illustration of a specific triode circuit 
satisfying the conditions outlined above, the equations 


aa 
“ieee = 


c 
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for the steady state current in the circuit of Fig. 8 


will now be derived and discussed. In Fig. 8, B 
represents an alternator generating a sine electromotive 
force. The capacities of the condensers Cs and C; 


are assumed to be so large that the alternating cur- | 


rents which flow through these condensers cause no 
appreciable variation in the voltage across these con- 
densers. The power circuit containing the alternator 
(circuit 1) is magnetically coupled in opposite directions 
with the plate and grid circuits (as illustrated in the 
figure). That is, if M, is a positive quantity, M pis a 
negative quantity, or vice versa. In the following 
equations M, and M, represent the algebraic values 
and not the absolute values of the mutual inductances. 
Applying Kirchhoff’s law to circuit 1, we obtain 
Dien d By Ey eel ay et ee a 
Ww én 

—jwM,I, =0 (24) 
The last term may be made"negligibly small and will 
therefore be dropped from this equation. 


Fic. 8 


The plate voltage is, 


E, = —j(oM,1, + wL,I,) — Rp I, (25) 
The grid voltage is, 
ho=—j aM, 1,—jol,l,— fh, I, (26) 


The last two terms are negligibly small and will be 
dropped. The plate current is, 

p= E, Gep = E, Gp 

i950) |= MilyGs— (Mal ie Pe) aol hele Ge 


(27) 
— j@(—M,Ge— M,G)h 28 
Pee TR GF y wl, G, (28) 
Letting D represent 1 + R,G, (29) 
1 
and X, represent w Li; — EGE 
and substituting the value of I, from (28) in (24), there 
results, 
E— R,14,-j4:1h 
w? M, = M, Gm M, Gp) I, =.) 30) 
joann elie ( 
Writing hforM, (— M, Gen — Mz G) (31) 


and solving for I;, we obtain, 
Ih = 
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Equation (32) shows that the triode lowers the effec- 

tive resistance of the circuit 1 by the amount 
w? h D 
DP +? DG? 

The algebraic value of this quantity depends upon and 
is the same as the algebraic value of h. An inspection 
of the expression for h, equation (31), shows that the 
only conditions under which h is positive (or under 
which the triode acts as a resistance neutralizer)are 
that M, and M, shall be of opposite signs and M, 
G.» greater than M, G,. . If both of these conditions 
are not fulfilled the triode circuit increases the effective 
resistance of the power circuit. 

The triode circuit also increases the effective induc- 
tive reactance by an amount 


WL Galt 
D+ ow? LG? 
This latter term can be made large or small at will. 
Thus the triode circuit may also be used to neutralize 
reactance or to introduce reactance into a circuit. 
In order to see how closely the triode can be made 
to function as a true resistance neutralizer, it is neces- 
sary to obtain some idea of the relative magnitude of 
the terms involved in equation (32). In a particular 
radio antenna using ordinary laboratory inductances 
and a 100 watt audion bulb, the circuit constants had 
the following values: 
R, = 80 ohms 
G, = 200 < 10 mhos 
G.» = 3000 < 10-* mhos 
Roe =D.18 obms 
= 3350 X 10-* henrys 
= 172 X 10-* henrys 
Li k= 203205 105% henrys 
M, = 3000 X 10-* henrys 
M, = 432 Xx 10- henrys 
C, =1.4 X 10-° farads (antenna) 
®, = 1.875 X 10° rad/sec. 
B, = 1.16 ohms 
(ai— soto LDs aL 
For this circuit, D = 1.00102, w? L,?G,? = 0.0158. 
(D? + w L,? G,?) may for most purposes be written 
equal to unity. This will be done in the following 
equations: 


ee PALS 
wh = 74 ohms 
w? Lp Gph = 9.23 ohms 
Now w* L, C,h is the net reactance introduced by the 
neutralizer into the circuit 1. This term can be kept 
low if desired. If circuit 1 is a tuned circuit, the net 
reactance can in most cases be made zero by tuning while 
the neutralizer is associated with the circuit. 
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Calling D = 1, and neglecting (w? L,? G,”) in com- 
parison with unity, equation (32) reduces to the simple 
form, 

eee E 
; (Ri — wh) +7 (Xi + w Ly G, h) 
The power delivered by alternator B to the circuit 1 is, 
EB? (R,— wh) 


(33) 


B= 34 

ES Sco gs Wyte ea enero Nae ae 

If the net reactance is zero this becomes, 
neces (35) 


R i ee (Os h 
9. Complete Equations for Fig. 8. If the triode 
circuit is designed to keep the reactive term low, a very 
close complete solution of the differential equations 
of the system is given by the following equations: 
The current in the circuit 1 is, 
E ~ 
/ (Ry a, w? (Ore SF Prigecs 
+ [Izgcos Bt + (Ci B Eva 
4+ a/B I.) sin Bt] se! (36) 
The counter electromotive -force of the condenser 
Gr is ; 
E 
w Cy A/ (hag? bh)? te Xe? 


ean) + [ Buscos Bt- (5% 


a 05 ) sin opel a ees 

In these equations the symbols have the following 
meaning: The alternating voltage impressed in cir- 
cuit 1 is expressed by the equation e = Ecos (wt—T). 
In which time is measured from the instant of switching 
in the voltage. 

7 is the interval in radians from the moment of 
switching to the first positive peak of the impressed 
e. m. f. 

\ is the angle of lag of the permanent current behind 


1 = cos (wti—7T— dA) 


C= cos (wt + 1/2 


(37) 


: x 
2 Of A ree) ae 
the impressed e. m. f. = tan = 
X, is the net reactance = w L, — =. + w Ly Gph 
} 


Iz =I1,—-— E/Z cos (7 + d) 
Bea oe Eo — asia 


cos (tr + A — 7/2) 


Z 
Z is the net impedance = VJ (Ri — wh)? + X,? 
1 
ae = wCy 
ng ee ee 
‘ V1 Ci 
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Bee DL, + Bi Lp G 
= 2 

Bam oh 
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These equations are identical in form with the equa- 
tions for the start of an alternating current in the cir- 
cuit with the neutralizer omitted. The only difference 
is that for the circuit without the neutralizer, R must 
be substituted for Ri— w?h and R,— Bh, Xi sub- 


stituted for X,, and aE written for C, 8. This 
q. 


latter substitution is legitimate if 6 differs little from 
Wee 


Ill. Some APPLICATIONS OF RESISTANCE 
NEUTRALIZATION TO RADIO RECEIVING CIRCUITS 


10. Increased Selectivity through Pure Resistance 
Neutralization. One of the most important applica- 
tions of resistance neutralization is in increasing the 
selective properties of radio receiving circuits. It is 
this application which will now be taken up. 

In discussing the selective properties of radio receiv- 
ing circuits, it is helpful to define some coefficients, the 
values of which for any circuit are a measure of the 
selectivity of the circuit. The steady-state selective 
coefficient, S., of a receiving circuit against a specified 
detuned frequency has been defined? as the ratio of the 
power delivered to the detector by waves of a frequency 
such as to make the circuit resonant and the power 
delivered to the same detector by waves of the same 
intensity but of the specified detuned frequency, the 
power being determined after the current builds up to 
the steady state value. 

For the simple series circuit shown in Fig. 8, let 
E be the voltage induced by the impinging waves. The 
current in the circuit is 


Whee hy A 
and the power delivered to the detector is: 
= 72 _ Ri 
Pe PR= Z 


If the impedance of the circuit to the waves of the 
interferent station is Z, and to the correspondent 
station Z., we have 

Se = PePy=22, (40) 

If the circuit is resonant to the frequency of the cor- 
respondent station Z, = R, and, 

S.i=4r/hy (41) 

Let the interferent source be detuned by a small 

decimal part, P., of the resonant frequency. Then, 
X,=4Par7f, Lvery closely 


16 7 ore Te LP? + R,2 


Se i 


2. See “Abstractive and Selective Properties of Radio Antenna 
Circuits,’ by Edward Bennett.. Journau A. I. EB. B. 1920 
Vol. 39. ' 


j 
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Be (2 ney ) In these equations 6 is a factor expressing the ratio 
ieee of the energy actually delivered to the circuit (expended 


Sa ee Ao ae A A (42) 


In most cases the second term is targe compared to 

unity, and for these cases we may write 

S, = (20 Pif, T.)? (43) 
where 7’, represents the time constant of the circuit 
2L/R, and f, represents the resonant frequency. 

Let the selective coefficient (of an antenna circuit) 
for the interval of excitation, 7'., against a specified 
detuned frequency be defined ‘to signify the ratio 
between the energy delivered to the detector by an 
impressed alternating electromotive force of a fre- 
quency such as to make the circuit resonant and the 
energy delivered to the same detector by an impressed 
electromotive force of the same value but of the detuned 
frequency, both electromotive forces being impressed 
for the same interval of time, 7’.. 


Let the selective coefficient (of an an- 
tenna circuit) for the time interval of ex- 
citation T., (time of Morse dot interval) 
against a continuous e. m. f. be defined as 
the ratio of the energy delivered to the 


D detector by the resonant e.m.f. during 
the time 7',.to the energy delivered to 
“ the same detector by a continuous e. m. f. 
both e. m. fs. to have the same peak 

Rw value. 
In a like manner we may define a 
“G selective coefficient against a short impulse 
Bra..9 e. m. f. and a selective coefficient against 


the first cycle due to a continuous e. m. f. 

It is evident that these five coefficients determine to 

a marked degree the selective properties of an antenna 

circuit. The first two coefficients determine the 

selectivity against interferent stations, the last three 

give indications of the selective properties of the 
antenna circuit against static. 


In the paper referred to above it is shown that for 


a simple series antenna circuit, similar to the circuit 
shown in Fig. 9, the values of these coefficients are 
given by the following expressions 
S. [for steady state against a detuned frequency] 
= (27 Piaf, T.)? (44) 
S. {for interval of excitation against a detuned 
frequency] 


O82 Pi fat. YP ite= 0.27. (45) 
S, [against a continuous e. m. f.] 

BV TO ede (46) 
S, [for first cycle against a continuous e. m. f.] 

=r bfPT? (47) 
S Ai [against a very short impulse] 

- bei (48) 

el be 


and stored) during the interval of excitation to the 
energy which would be expended in the resistance if 
the current in the circuit jumped immediately to its 
final value and remained there during the interval of 
excitation.? 

All of these coefficients vary either as the square 
of the time constant or as the first power of the time 
constant 7... By means of a resistance neutralizer 
I’, can be increased to almost any desired value by 
making R; — N small enough. It has been shown that 
the triode circuits may be made to function under all 
conditions, transient and otherwise, as a resistance 
neutralizer. In the special case considered, N = wh, 
and Ff, or (R; — w?h) can be reduced to a low value, 
thus making it possible to obtain a large value for 7... 

In the previous paper, it is shown that for continuous 
wave telegraphy the upper limit of 7, must not be 
made much longer than 0.01 sec. if there is to be an 
interval of silence between dots and dashes at a speed 
of 80 words per minute. Therefore 0.01 second is 
taken as the upper limit for 7’... While this value for 
T. might be obtained by using small aerials and by 
taking great precautions to reduce wasteful resistances 
in the antenna circuit, it may be more readily obtained 
by using a triode as a resistance neutralizer. 

As an example of the lengthening of the time con- 
stant due to resistance neutralization, consider the 
data given in Section 8. CC, is an antenna, and the 
circuit is designed from ordinary laboratory induct- 
ances. Without the triode the time constant is 
0.0005 sec. and with the triode it is 0.0068 second. 
This example merely serves to indicate how the triode 
lengthens the time constant. By a proper design of 
circuits, a time constant of 0.01 sec. can readily be 
obtained. acer e 

11. Effect of Résistance Neutralization wpon the 
Power which can be Abstracted by an Antenna from 
Impinging Waves. If resistance neutralization is not 
resorted to, the value of the detector resistance which 
will make the delivery of power from sustained waves 
to the detector a maximum is: 


Ra — Fike + ike (49) 


where R, represents the equivalent series detector 
resistance, RF, the radiation resistance of the antenna 
with which the detector is associated, and Ff, represents 
the wasteful resistance of the antenna circuit. Let us 
seek the expressions for the optimum values of Ra 
with resistance neutralization under the conditions 
stated in the following problems. 

Problem 1. A given antenna has at a given fre- 
quency a given radiation resistance R, and a given 
wasteful resistance R,. It is desired to deliver the 
maximum possible power to a utilization device 
(detector) having an undetermined resistance Ra. 


3. See Curve B, Fig. 6, of previous paper, loe. cit. 
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A resistance neutralizer is available which will operate 
reliably (steadily) to reduce the total resistance R, 
(or Ra +R, + R,) to a net resistance R,, which is 


y decimal parts of the total resistance. That is, 
by the use of the neutralizer 


What value should be assigned to the detector resist- 
ance R, to make the power delivered to it a maximum 
when waves of resonant frequency impinge upon the 
antenna? 
The antenna current caused by an electromotive 
force of r.m.s. value E of resonant frequency is 
EH 


a7) (Rataettp Ee) 
The power expended in the detector is 
E? Ra 
yy? (Ra + R, + Rw) 
The value of R,z which makes the power P a maximum 


as found by equating the derivative of P with respect 
to R,z to zero and solving, is 


Pr=PRa= 


Ra= hee (49) 
If Rz has this value, 
EE? 
and (2) = 4 7? (R, a R,) (52) 
Problem 2. In the problem above, no lower limit 


was placed upon the value of the net resistance, and in 
satisfying the conditions for maximum power the net 
resistance was reduced to 2 y (R, + F.,). But suppose 
this low net resistance results in a circuit time constant 
which is of prohibitive length. In other words, let it 
be assumed that it is not permissible to reduce the 
net resistance FR, below a specified value R#,,. Under 
these limiting conditions the value assigned to Rz must 
be such as to make R, or y (Ri + Rk, + R~) not less 
than R,,. That is, Rz must not be less than (but may 
be greater than) (R,,/y) — (R, + R.). If [(Rn/y) — 
(trae aa)t| > Rede Re), OF n/ y > 2h, hae), the 
value which must be assigned to R, in order to limit the 
net resistance R,, (or the time constant) as specified 
above is as follows: 

Ra a (Ral) ba Che ae Tan (53) 
This is greater than the value for maximum power 
delivery. 

On the other hand, if R,/y =2(Rh, + Rw), the 
value to be assigned to R, is the optimum value speci- 
fied in equation (49). . 

If R,/y = 2 (R, + R.), this optimum value makes 
the net resistance F,, just equal to the lower limit R.,, for 
the net resistance, or gives to the time constant the 
maximum permissible value. 

If Rn/y < 2 (Rk, + R,,), this optimum value makes 
the net resistance R,, greater than the lower limit R,,, or 
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has the effect of making the time constant shorter than 
the maximum permissible value. 

Problem 3. Now suppose the problem is not that 
of making the power delivery to the detector a maxi- 
mum, but the prdblem is to make the selective coef- 
ficient against a sustained wave detuned station a 
maximum. What is the optimum value for the detec- 
tor resistance? 

We limit the discussion to the general case in which 
the interferent station is sufficiently dissonant (2 to 
5 per cent) to make the net reactance of the antenna to 
the dissonant frequency large in comparison with its 
net resistance. From equation (42) it is seen that the 
selective coefficient of the antenna against an inter- 
ferent electromotive force which is detuned by a given 
percentage from the given resonant frequency of the 
antenna is substantially proportional to the square of 
the time-constant (7'.) of the antenna. The selective 
coefficient is independent of the value of the detector 
resistance, except as the detector resistance may affect 
the value of the time-constant. If then we are dealing 
with an antenna of given height and capacity, the time- 
constant of which may not be permitted to exceed a 
specified value, (such as 0.01 second), two cases arise: 

Case I. If the sum of the radiation and the wasteful 
resistance of the given antenna is so large that 
y (R,+R,,) by itself is greater than the resistance 
R,, which corresponds to the maximum permissible 
time-constant, then the maximum selective coefficient 
will be obtained if the detector resistance is allowed to 
approach zero. However the power delivered to the 
detector at the resonant frequency is a maximum when 
R. = (R,+R,,), and the power decreases to zero as 
R,z approaches zero. 

Case II. If y (R, + R.,) is less than R,,, the value 
of the selective coefficient is fixed by the value assigned 
to T’, (or to R,,), and is independent of the value assigned 
to R,, provided that y (Rz + R, + R.,) is made equal to 
dress 

Before the advent of the resistance neutralizer all 
antennas fell under Case I. By the proper use of 
neutralizers all antennas may be made to fall under 
Case II. The question which now arises is this. If 
the maximum selective coefficient possible by the use of 
single tuned circuit has been obtained by satisfying the 
relation 

y (fat R,+ Ri.) = Rn (53) 
in which, R,, is the resistance which gives the maximum 
permissible time-constant, what further conditions 
should be satisfied to make the power delivered to 
the detector resistance at the resonant frequency a 
maximum? Two sub-cases arise under this Case II. 

Sub Case A. In this case we have a given antenna 
whose dimensions are not to be changed. The only 
thing which may be varied is the detector resistance 
R,. Since in this case the values of both R,, and of the 
selective coefficient are fixed by the assignment of a 
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value to the time-constant, and since at resonance, 
R,, alone determines the flow of current per volt induced 
in the antenna, and since the power delivered to the 
detector is 

Poa Tt Ra = (H/Rm)? Ra 
we may formulate the following rule: 

To obtain from a given antenna the maximum power 
consistent with a specified time-constant (or selective 
coefficient), the detector resistance R, should be made 
as great as possible consistent with the stable reduction 
of the total resistance to the net value R,, which is 
fixed by the specified time-constant. 

Sub Case B. In this case the problem is to determine 
the proportions which the antenna itself should have in 
order to deliver the maximum power (consistent with 
the specified time-constant) to a detector when the 
antenna is used with a neutralizer having a fixed resist- 
ance reduction factor +. 

Let 

Cy represent the capacity of the antenna. 

Ly represent the inductance of the antenna circuit. 

f- represent the frequency of the correspondent station 

T. represent the desired time-constant. 

R,, represent.the net resistance for the specified time- 
constant. 

h_ represent the height of the antenna network in cm. 

s represent the velocity of light, 3 x 10" cm. per sec. 

Mo represent the permittivity of air8.84 x 10-" farad- 
em. 

F,,, represent the peak value of the electric intensity at 
the antenna in volts per cm. 

The expression for the power delivered to the 
detector is, 


(54) 


(ey ee 
LOS 2 PR? (54) 
To obtain the maximum selective coefficient the 
value assigned to R, must satisfy equation (53). That 
is, 
R, must equal (Rn/y) — (Rr + Rw) (83) 
In the subsequent discussion the value of the ratio 


ee will be represented by k (55) 
and k will be treated asa constant. It should be recog- 


nized that this is not strictly correct but is an approxi- 
mation only. | 

Substituting the value of R. from (53) and (55) in 
the equation for the power, it becomes, 

Pe hes (ele ) 
= ape hile 
Apel Rie “(es 

An expression for the value of the minimum permis- 
sible net resistance R,, in terms of the antenna con- 
stants and specified time-constant may be arrived at 
as follows: 


(54a) 


1 L il 
—_—_———= or ae wee 
27 JV Ly Co : 4 1 f? Co 


is a 
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ihe 2 Ly 2 1 
Fm 2 Tr ape Cy Tips 
From which 
1 
Rn = (56) 


7 ai tr Co $f 


That is, the value of R,, is fixed by 7’, Cy and f,. 
In any antenna with an extended capacity area at a 


height h, the expression for the radiation resistance may 
be written, 


160 7? Ws A ae hf 2 
we PRHESISE p 

Substituting the values of R,, and R, as expressed in 
equations (56) and (57) in equation (54a), we have the 
following equation for the power delivered to the detec- 
tor when the antenna capacity, the detector resistance 
and the reduction factor vy are so related as to give the 
specified selective coefficient. 


RK, = 


(57) 


1 


Fe SEO Fire it CORT | area 


_ Akar’ f? ] 


3 33 Po (58) 


If the radius of the antenna network is so great as 
compared with the mounting height that the capacity 
is approximately expressed by the parallel plate formula, 
namely, 


Poa 
h 


the following equation results from the substitution of 
the value of Cy from (59) in (58) 


Cr = 


(59) 


h 
de Do Gye 


_Akah® ff | 
3 8° Do 


P=Fe2ufspeaTe [ _ 


To find the antenna height or the antenna area which 
will make the power a maximum, we take the deriva- 
tives of P with respect to (hk) or to (a) respectively, 
equate the derivatives to zero, and solve the resulting 
equations. Upon doing so, it is found that the antenna 
should be so proportioned that, 


h S kim te 
2rfepayT. 38° 


That is, the values assigned to (h) or to (a) must be 
such that, 


(59) 


Ruf ¥ = 2 (kh Re) (59a) 
in which case, 
R, will equal (k R,) or (R, + Rw) (49) 
Equation (59) may also be written in the form, 
3 
Ape ee (61) 


Re OM ol aie 


On the other hand if the antenna network is so high 
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that its capacity is approximately expressed by the 
formula for an elevated circular disk, namely, 

Co = 8 po V a/t (62) 
the following equation results from the substitution of 
this value of Cy in equation (58) 

1 
Do q'/2 v gh, 


P = (F,2h!) 128 pi mfaTe| gasp 


_ Aka’ fe | 
8 83 po 
Upon taking derivatives of this value of P with 
respect to (h) and (a), equating to zero and solving, it 
is found that the antenna should be so proportioned 
that, 
t _ Skah’ f 
16 mP2f2pa2yT. 38° Po 

That is, in this case also the values assigned to (h) and 

to (a) must be such that, 


(63a) 


Rul ¥ = 2 (k R;) (59a) 
Equation (63a) may also be written in the form 
3 
ah = ce (63) 


128 ri/2k y T.F,4 


These equations, (61) and (63), give respectively the 
dimensions which antennas of the parallel plate type 
and the elevated disk type must have to permit of the 
maximum power delivery to the detector, and the 
maximum selective coefficient against detuned fre- 
quencies, which is possible with the given resistance 
ratio k, reduction factor y, time constant T,, and 
frequency f,. These equations express, not exactly, 
but only approximately the optimum relations between 
the antenna dimensions and the four quantities k, 
vy, T, and f, They are valid only for antennas of the 
usual proportions found in high power practice; that 
is, for antennas whose greatest length is short (one 
eighth or less) in comparison with the wave length. 

The total power delivered to the detector associated 
with a simple series antenna is, 


Pr = ae Ra/Ry? (54) 
If Ra aa aie aia ie) = k Mn (49) 
equation (54) may be written 
h? ae 
Pr= 8 vk R, (65) 


Of the total power P:, the amount Ps abstracted 
from the impinging waves is 


iV kee 
sarah Ma) 
and the amount Ps supplied by the neutralizer is 
thee ke) ‘ h* Pe 
LE eA Ws BEG Sk R. (67) 


By substituting the value of the radiation resistance 
from (57) in equation (66) the following expression is 
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obtained for the power which is abstracted from, the 
impinging waves and delivered to a detector resistance 


proportioned for maximum power as In equation (49). 


: (68) 


Ps= 69k 


(3 4) (5 Po Fn’) 

In a previous paper,‘ the factor (s \2) (1/2 po Fm?) is 
shown to represent the power flowing across a wave 
length square at the receiving station. Therefore, the 
greatest power which can be delivered to a detector 
by an antenna from impinging sustained waves is 


ek tid nc 
167k vy 


times the power flowing across a wave length square at 
the receiving station. 

In the previous paper the factor 1/k was termed the 
abstractive factor of the antenna. With a neutralizer 
associated directly with an antenna the expression for 
the abstractive factor A, of the antenna becomes 


1 


ory (69) 


A= 

‘Equation (69) shows that the power abstractive 
factor of any existing antenna can be increased by 
associating with the antenna a resistance neutralizer, 
but it should be realized that the increase in the abstrac- 
tive factor is accompanied by an increase in the time 
constant of the antenna. If then the antenna circuit 
without the neutralizer has the longest time constant 
which is permissible at the sending speed (for example 
0.01 second at 30 words per minute), increased power 
from the waves can be obtained only by increasing the 
dimensions of the antenna. This may be readily seen 
by examining the expression giving the proportions 
which an antenna of the parallel plate type must have 
for maximum selective coefficient, namely equation 


(61) 
383 
LG hea is 


From this it is seen that if k and f, are fixed, and if 7’, 
is to remain constant, the volume under the antenna 
must be proportional to the reciprocal of the reduction 
factor of the neutralizer. 

The time constants of existing antenna circuits are 
short (from 0.0001 to 0.001 sec.), and the selective 
coefficients of existing circuits can be greatly increased 
by the use of properly designed resistance neutralizers 
with both the antenna circuit and its secondary. 
Resistance neutralization 7 the secondary is to some 
extent utilized in present radio sets when the thermionic 
amplifier associated with the secondary is regeneratively 
coupled. This effect does not however extend back 
into the antenna circuit. 

From the relations brought out in this and the pre- 


Eh = (61) 


4. loe. cit. 


7 
re 
; 
! 
é 
¢ 
’ 
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ceding section it is evident that pure resistance neutrali- 
zation as obtained from the Fig. 8 circuit does not make 
it possible to obtain a higher selective coefficient against 
detuned stations than it is hypothetically possible to 
obtain by proper antenna design. That is to say, the 
selective coefficient against a frequency detuned by a 
given per cent is fixed by the value of the operating 
frequency and of the time constant (equation 43), and 
calculations indicate that the maximum permissible 
time constant at a sending speed of 30 words per 
minute (0.01 second) can be obtained without resorting 
to resistance neutralization. (This has not been 
verified by experiment). In general, however, and 
particularly in the case of the long wave lengths, it will 
be far cheaper to obtain the desired time constant and 
selectivity by associating resistance neutralizers directly 


_ with antenna, secondary and tertiary circuits rather 


than by the construction of circuits which in themselves 
have time constants of 0.01 second. 

Pure resistance neutralization as obtained in Fig. 
8 increases the selective coefficient of a circuit at the 
expense of an increase in the time constant of the cir- 
cuit. A limit to the selective coefficient which may be 
obtained by this method is set by the fact that in a 
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make and break telegraph system, the time constant 
cannot be allowed to exceed a definite value. We now 
proceed to consider types of neutralizer circuits which 
will increase the selective coefficient of a circuit by 
methods other than the straightforward method of 
increasing its time constant. 

12. Circuits which Neutralize Resistance for a 
Narrow Range of Frequencies near a Desired Frequency 
and Introduce Resistance and Reactance at other Fre- 
quencies. In the discussion of the triode as a resistance 
neutralizer, it has been shown that if the circuit is to 
function as a resistance neutralizer, the ratio H,/EH, 
must be less than the ratio G.,/G,, and the grid voltage 
EH, must havea component 180 degrees out of phase with 
the plate voltage E,. Now, if the grid inductance 
L, of Fig. 8 is shunted by a condenser, the magnitude 
of the grid voltage and its phase position relative to 
the plate voltage will be a function of the frequency of 
the current flowing in circuit 1. These considerations 
at once suggest the possibility of adjusting the cireuit 
and triode constants so as to obtain resistance neutrali- 
zation for a narrow range of frequencies near a desired 
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frequency and to obtain the effect of an added positive 
resistance and additional reactance in circuit 1 at 
frequencies removed from the desired frequency. 

Such a circuit is shown in Fig. 10. Let the constants 
of the circuit be designated as shown on the diagram. 
The steady-state equations will now be derived by 
means of the complex algebra. As in the previous 
case, M, and M, represent the algebraic values and not 
the absolute values of the mutual inductances. 

A summation of the voltages around circuit 1 yields 
the equation, 


Beer Te roller Lie eta UN Ts 
—jwM,I, =0 (85) 
A like summation around the grid circuit yields, 
~joM,h-—R,1,-jwl,1, + MEP 0 (86) 
w C, 
The voltage of the grid is, 
bitoe eeaAly 
E, = — 4 (87) 
The plate voltage is, 
E, = — R,1,—j (wM,h + wD, I,) (88) 
The plate current is given by the equation 
I, = GE, +.G, Ey 
ey : 
= Cup Sia Gy (= iRsls i core I 
re i) eo L, i) 
i[ “2g + om, G1 | ad 
Linas (Dien api nine tas Be) 
inwhich D =1+R,G, (29) 
Upon solving (86) for J,, we have 
__ JoOMih 90 
ne Z (90) 
in which 
1 
= : en 1 
Z, = Ry +i( oL- =e ) (91) 
Substituting the value of J, from (90) in (89), 
My Gen | + i ra) M, Ge 
rho I, (92) 
fit D+j wl, Gp 


Substituting the values of J, and J, from (90) and (92). 
in (85), and solving, 


MeGaD ow? 
= | | R,; + Ww i Z, M? Rh, 
AG Te Cush LP | 
a Ze W rr Zi W | 
‘ M2 Gp 2. w? X, 
se) Xi a)” WV = Ze M? 
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re a a AT ot a3) 
in which 
D =1+R8#,G, 
Pig) Lisp 
W=D+ PP 
Me Gen 
S ier Ot te 
rl 
X,=ol- yh 
1 
Sweet ONE pasiaerrg ou 


Ze = VJ ig ate Ag ; 
In equation (93) the expressions for the resistance 
and the reactance each contain five terms. The first 


pds 


RESISTANCE IN OHMS 


005 1.76 1.80 184 188 192 1,96 
(W) ANGULAR VELOCITY RADIANS PER SECOND x 10° 


Fig. 11—ReLATION BETWEEN RESISTANCE AND IMPRESSED 
FREQUENCY . 


Rp—Resistance due to neutralizer. 
Ri —Ohmic resistance of circuit. 
Rn —-Net resistance. 


term is the resistance or reactance of circuit 1, the 
second term represents the effect of the current which 
flows in the plate circuit by reason of the plate conduct- 
ance, the third term represents the effect of the alterna- 
ting current circulating around the divided portion of 
the grid circuit, and the fourth and fifth terms represent 
the effect of the current in the plate circuit which is 
the results of the grid control. 


The fourth term is the important term in the expres- 
sion for the resistance. It changes sign as the impressed 
frequency passes through the resonant frequency of the 
circulatory portion of the grid circuit, contributing a 
positive resistance on one side and a negative resistance 
on the other side of this resonant frequency. The first 
and fifth terms are the important terms of the expres- 
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sion for the reactance. The fifth term becomes large 
for frequencies near the resonant frequency of the grid 
circuit and may be used to increase the steepness of 
the curve between the resultant reactance of circuit 1 
and the impressed frequency. . 


REACTANCE IN OHMS 


700) 55 174 178 1.82 = 1.86 190 «1.94 
ANGULAR VELOCITY RADIANS PER SECOND x 10° 


Fig. 12—RELATION BETWEEN REACTANCE AND IMPRESSED 
FREQUENCY 
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(0) Ci 


X1 = wl -- 


Xp—Reactance of circuit 1 due to triode. 
Xn—Net reactance of circuit 1. 


To obtain a better idea of the relations expressed in 
equation (93), let us apply this equation to a particular 
circuit by plotting the resistance and reactance of the 
circuit as functions of the frequency of the alternating 
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PERCENTAGE DETUNING OF INTEREFERENT SOURCE 


Fig. 13—Srpapy Starr Seiective COEFFICIENTS 


A—Triode associated with circuit as per Fig. 10. 
B—With pure resistance neutralization. 
C—Without triode. 


electromotive force impressed in circuit 1. Let the 
coupling be as represented in Fig. 11, that is M p IS posi- 
tive and M, is negative. The constants of the circuit 
with the exceptions noted below are to be the same as 
given in Section 8 for Fig. 8. The exceptions are: 
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R, = 66 ohms 
M, = — 35.7 microhenries 
C, = 16.6 microfarads 


@, = 1.8715 x 10° rad. per sec. 


The curves of Fig. 11 show how the net resistance of 
circuit 1 varies with the impressed frequency, while 
those of Fig. 12 show the variation of the reactance with 
the frequency. An examination of these curves shows 
that the circuit constants have been proportioned so 
that the net resistance is near the minimum value at 
the angular velocity of 1.84 x 10° radians per second, 
at which the net reactance is zero. It will be seen 
that the slope of the curve for the net reactance is much 
greater near this angular velocity than is the slope of 
the curve X, showing the reactance of circuit 1 without 
the neutralizer associated with it. This means that 
the selective coefficient against frequencies detuned 
by a few per cent is much greater than for a Fig. 8 
connection in which pure resistance neutralization is 
alone utilized. 


The selective coefficients, against frequencies detuned 
by one or more per cent, of a circuit having the con- 
stants of circuit 1 of Fig. 10 have been plotted in Fig. 
13 for the following conditions. The steady-state 
selective coefficient is given by the expression, 


S. = 42/22 (40) 


If the correspondent station has a wave length cor- 
responding to = 183,500 radians per sec., 7. = 6 ohms. 
Z, for any other frequency can be found by combining 
the resistance values given by curve R,, of Fig. 11 and 
the reactance values given by curve X, of Fig. 12. 
The manner in which the selective coefficient varies with 
the dissonant frequency in this circuit when the cor- 
respondent has a wave length corresponding to an 
angular velocity of 183,500 radians per sec. is shown by 
curve A of Fig. 18. 

Curve B shows the selective coefficient of the same 
power circuit for the case in which the neutralizer cir- 
cuit is adjusted (as in Fig. 8) to give pure resistance 
neutralization, reducing the net resistance of the cir- 
cuit to 6.0 ohms. For curve B and for curve C the 
angular velocity of the correspondent station was taken 
as 187,500 radians per second. Curve C shows the 
selective coefficient of circuit 1 without resistance 
neutralization, its net resistance at the resonant fre- 
quency being the resistance FR, of 66 ohms. The 
increased selectivity against frequencies detuned by 1 
or 2 per cent which results from the rapid increase of the 
reactance and the addition of resistance at frequencies 
slightly removed from the resonant frequency is 
illustrated by these curves. 

Summary. The paper has been summarized in the 
review of the subject which is printed at the beginning 


of the paper. 
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Appendix A 


COMPILATION OF SYMBOLS 


represents the abstractive factor of the antenna 


stands for the amplifier or resistance neutralizing 
device 


represents the area of the antenna network in sq. cm. 


stands for the generator or device supplying the 
driving force 

represents a factor expressing the ratio of the energy 
actually delivered to the circuit (expended and 
stored) during the interval of excitation to the 
energy which would be expended in the resistance 
if the current in the circuit jumped immediately 
to its final value and remained there during the* 
interval of ‘excitation 

represents capacity 

represents the expression 1 + R, G, 

represents the peak value of the electric intensity in, 
volts per em. 

represents the resonant frequency of the antenna 
circuit 


represents the controlled plate conductance 
Al, | EB K 
A E, ) ( Day ) 
represents the plate conductance 
NI Bok 
A HE, ’ ( Tie ) 
represents the grid conductance 
ae EB K 
aa A E, ’ ( Rar. ) 
, represents the controlled grid conductance 
AT, -(B K 
=p = K) 


represents a resistance neutralization factor or the 
height of the antenna network in cm. according to 
the text 

represents the rotative operator 

represents the resistance ratio of the antenna 


itp = Tue 
R, 


represents self inductance 

represents the mutual inductance 

represents the negative resistance due to the 
neutralizer 

represents the total power delivered to the circuit 
or device under consideration 

represents the power delivered by the generator or 
driving forces to the circuit or device under 
discussion 
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Pa represents the power delivered by the resistance 
neutralizer to the circuit or device under discus- 
sion 

P, represents the power delivered by the generator 

with the resistance neutralizer removed from the 
circuit 
represents the decimal part of the resonant fre- 
quency by which the interferent source is detuned 
represents the permittivity of air (8.84 « 10-™ 
farad — cm.) 

represents quantity of electricity 

represents the wasteful resistance of the antenna 

circuit 

represents the detector resistance 

represents the radiation resistance 

represents the net effective resistance of the circuit 

represents the minimum allowable circuit resistance 

represents the total resistance of the circuit 
represents the selective coefficient 

represents the velocity of light 


= 
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represents the time constant of the circuit ( OL 


a 


Simple series circuit ) 


T.. represents the length of the time interval of excita- 
tion 

T; represent the length of the time interval of a volt- 
age impulse 

X represents reactance 

Z_ represents impedance 

\ represents the wave length 


, the resistance reduction factor of 


a3 


; R- 
represents ——p 


the neutralizer when associated with a circuit of 
resistance R. 


ELECTRIFICATION OF ITALIAN 
RAILWAYS 


In a report recently received from P. Tuccimei, 
official correspondent of the National Association of 
Italian Engineers for the States of North America, 
considerable progress is indicated in the electrification 
of the Italian railways and the use of hydroelectric 
power. It is stated that within the very near future 
more than one-tenth of the railroads of Italy will have 
been electrified. 

The report begins by giving figures noting that by 
“electrified miles’ is meant the total mileage of elec- 
trified road, including double tracks and yard tracks. 

At the end of August 1920 the electrified roads aggre- 
gated 524 miles. 

Between September Ist and June 30th 1921, five 
lines were electrified with an aggregate length of 289 
miles. 
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Within the first six months of 1922 five more lines 
will be electrified with a total of 329 miles. 

The electrification of the following lines has already 
been started: Roma-Tivoli; Roma-Nettuno; Sestri Le- 
vante-Livorno; Genova-Ovada-Alessandria: Total mile- 
age, 669. 

The result of these past and future accomplishments 
are noteworthy. The saving in fuel alone to June 30th, 
1921 has reached the 160,000 tons. It is estimated 
that from July 1st 1922 the saving in coal will reach 


the 200,000 lire a day, or over 70 millions lire a year. 


For the lines electrified prior to August 1920 the 
only power house operated by the State Railways was 
that of Morbegno, with about 5000 h. p. of installed 
power and about 3800 h. p. actually used. 

The rest of the electric power necessary to operate 
these lines was supplied on contract by the Dinamo, 
Edison, Maira and Negri companies. 

Some time ago the second section of the Superior 
Council of Waters approved in its general outline an ex- 
tremely important scheme of contract for the supply 
of electric power and for the electrification of the 
Bologna-Milano road, to be awarded to private 
contractors. 

Contractors who intend to compete for the work 
will be invited to bid; and the one making the bid 
considered technically and financially most convenient 
will be called to work out the details of the contract. 
The plans will then be submitted to the Board of Admin- 
istration of the Railroads for their final approval. 

Projects and schemes of contracts for the electrifi- 
cation of the Firenze-Empoli-Pisa line, and of part 
of the lines in the Venezia Giulia and Veneto districts, 
are also almost ready to be submitted for approval to 
the second section of the Superior Council of Waters. 

Furthermore, the electric output of the Bardonecchia 
plant will be increased to 20,000 kw. with a yearly out- 
put of over50 millionkw-hr. Thisresult will beattained 
by completing before the end of this year the Roche- 
molles canal in addition to the Melezet Canal already 
in operation. 

The hydrographic basins of the Reno and Limentra 
will both be more intensely exploited by storing and 
conveying to the power houses in course of construction 
the waters from other affluents of the Reno and Li- 
mentra, with an installed power of 40,000 kw. and a 
yearly output of 80 millions kw-hr. The Sagittario 
plant in Abruzzo is also in course of construction 
and will have an installed power of 20,000 kw. and an 
output of about 70 millions kw-hr. a year. 

The plans for the utilization of the discharge waters 
of the several plants have not been neglected: For 
the Bardonecchia plant, for instance, projects are 
under way and nearly finished for two successive falls 
at Ouly and Salbertrand. For those of the Reno and 
Limentra, plans are being studied for three successive 
drops along the tract of the river between Castrola and 
Sasso. 


Selection of Electrical Apparatus for Cranes 


BY R. H. McLAIN 


: : Associate, A. I. E. EB, 
Engineering Department, General Electric Company, Schenectady, N. Y 


Review of the Subject.—This paper is intended to assist 
crane designers and electrical engineers in mills and factories to 
select the proper size and kind of motor by mathematical calculation 
from given data, and refers particularly to the electric overhead 
traveling crane. The paper does not apply to heavy duty cranes 
which undergo regular duty cycles, nor to very small hoists such as 
the monorail hoist. It is hoped that at some future date someone 

else will write papers on these two kinds of cranes to supplement 
this paper. 

Cranes are classified here for purposes of reference within 
the paper. It is then shown how to calculate the power required 
of a motor for hoisting and how to select the particular kind of motor 
needed; the same information is given for bridge travel with par- 
ticular reference to the live loads or accelerating loads, and also 
for trolley travel. 

The paper discusses direct-current motors separately from al- 
ternating-current motors. The calculations for each are also given 
separately. 

This is the first of a series of papers covering the field of applica- 
tions of electrical equipment. This paper is on application of 
motors to cranes. One will follow by Mr. H. W. Eastwood on 
auxiliary electrical equipment such as magnetic friction brakes, 


overload protective panels, and limit switches. To complete the 


serves it is planned to have the third paper on the subject of controller 
equipment. 


CONTENTS 
Olassification of Cranes 
Class 1, Standby or Service Cranes. (75 w.) 
Class 2, Machine-Shop and Foundry Cranes. (75 w.) 
Class 3, High Duty Cranes. (50 w.) 
Class 3-A, Magnet Cranes. 
Olass 4, Soaking Pit, Charging and Stripper Cranes. (30 w.) 
Class 5, Hot Metal Ladle Cranes. (50 w.) 


General Selection of Electrical Equipment. (25 w.) 
Calculation of Power for Hoisting. (800 w.) 

Selection of D-C. Hoist Motors. (500 w.) 

Example of Selection of D-C. Hoist Motor. (150 W.). 
Selection of D-C. Bridge Motors. (25 w.) 

Calculation of Power for Bridge Motors. (1600 w.) 
Selection of Trolley Motion D-C. Motors. (50 w.) 
Calculation of Power for Trolley Motors. (100 w.) 
Selection of A-C. Polyphase Hoist Motors. (800 w.) 


Use of Permanent Resistance in the Rotor Winding of Slip-Ring Motors. 
(425 w.) 

Calculation of Power for A-C. Crane Hoist Motors. 

Selection of A-C. Bridge Motion Motors. (30 w.) 

Calculation of Power for A-C. Bridge Motion Motors. 

Selection of A-C. Trolley Motors. (110 w.) 


(200 w.) 


(110 w.) 


N the selection of electrical apparatus for crane 
drives, it is first necessary to consider the various 
classes of cranes. For reference later, these classes 

are enumerated below: 

Class 1. Stand-by or service cranes which are used 
in emergencies, and at rare intervals. A_ typical 
example is the power house crane which is used during 
installation and thereafter only when repairs are made. 
The apparatus on such a crane should be simple and 
should be worked to the limit of its capacity. The 
control should be very accurate for placing large 
machines even when used by unskilled operators, as 
this kind of crane is so rarely used that there is no 
regularly trained operator for it. 

Class 2. Machine-shop and foundry cranes, which 
are always in service and moderately busy. The ap- 
paratus on them should be simple but not worked so 
nearly to the limit of its capacity as in Class 1. There 
is always a regular operator in attendance and, there- 
fore, the control apparatus does not necessarily have 
to be so accurate as in Class 1. In this same class 
belong loading cranes which serve storage yards where 
infrequent movement of the stock occurs. 

Class 8. High-duty cranes such as are used for 
moving material in steel mills and for loading material 
into cars from storage yards where stock is frequently 
moved. On these cranes very strong apparatus is 
required, and complications are warranted to some 
extent in order to secure long life of the apparatus. 
All apparatus should be very conservatively rated. 


To be presented at the Spring Convention of the A. I. HE. E., 
April 19-21, 1922. 


Class 3A. Magnet Cranes. On these cranes the 
hoist motion must be especially chosen so as to stand 
two times normal load because sometimes two times 
normal load sticks to the magnet for an instant while 
it is separating bars from their neighbors. The bridge 
and trolley motions must be chosen for frequent round 
trips, probably 60 trips an hour. 

Class 4. Soaking pit, charging and stripper cranes. 
On these cranes fire-resisting insulation is required 
on motors, and apparatus should be designed to be 
mechanically strong, conservative in size and excep- 
tionally safe in operation. 

Class 5. Hot metal ladle cranes. These cranes 
should have fire-resisting insulation and should be 
extremely conservatively designed. . 

This article will not discuss various small foundry 
jib cranes and others of this same kind which are oper- 
ated by a man on the floor rather than by an operator 
who rides with the crane. 

General Selection of Electrical Equipment. To assist 
in selecting the general type and arrangement of elec- 
trical equipment, Table I has been compiled, in which 
all the various features to be considered are pointed 
out. 

Calculation of Power for Hoisting. The horse power 
of the lifting motor depends upon the work done on 
the load, and the power absorbed in the resulting 
friction of the gearing, journals and pulleys. This 
quantity varies to some extent with the number of 
reductions and the type of gearing. The efficiency 
of a crane is generally lowest at the test, improving 
somewhat as the journals and teeth wear down, 
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The efficiency of the first or motor reduction with well- 
made machine-cut spur gears, running in an oil-bath, 
has been found by trial to be as high as 97 per cent, 
and may be taken at 95 per cent under ordinary prac- 
tical conditions. The average efficiency of one re- 
duction of cut spur gears, running dry, is 92 or 93 per 
cent, and of cast spur gears, running dry, 90 per cent. 
The loss due to journal friction is generally about 2 
per cent for each axle, when properly lubricated. The 
only other loss in efficiency of any importance is in the 
snatch block, if there is one fitted to the crane. This 
quantity is always reduced by using large pulleys and, 
preferably, small hardened ‘pins, the pulleys being 
bushed with gun-metal, under which condition the 
efficiency works out to about 97 per cent. 


Wx 
33,000 X ¢ 


where h. p. = horse power to hoist at full speed. 
(All starting resistance short-circuited) 


h. p. = (1) 


(2) 

W =weight of suspended load in pounds 
including tackles (3) 

S = speed of hook in feet per minute (4) 


7 


necessary factor to allow for friction 
losses in the crane (5) 
The value of e varies from 0.25 on low-speed (10 ft. 
per minute) cranes which use worm gears, to 0.70 for 
high-speed (75 ft. per minute) cranes which use good 
cut gears. The over-all mechanical efficiency of a 
erane can be determined, if the number of reductions 
and the other particulars ‘are known. Small high- 
speed cranes have a higher efficiency than larger ones, 
owing to there being less gearing; thus, in the case of a 
trolley lifting three tons on a single rope and having 
two reductions of machine-cut gearing, the first of 
which runs in oil, the over-all efficiency will be about: 


95 X 92 X 98.X. 98 
100 


As another example, take a 50-ton trolley having 
four reductions, the first three of which are machine- 
eut, the motor reduction running in oil. Then the 
over-all efficiency will be about: 


G5 98093790 08 G9 
100 


= 84 per cent. 


= 66 per cent. 


4 5250  h. p. 
eer epi (6) 


T = Torque. on motor shaft required to 
hoist as in (1) expressed in pounds at 
one foot radius (7) 
r. p.m. = Speed of motor shaft in revolutions 
per minute with all resistance cut 
out of the circuit (8) 

(This corresponds to S in (4) ) 
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T, = T X e& if no friction brake is used for 
lowering — (9) 
where 


I 


braking torque in pounds at one foot 
radius required to lower the weight 

W (10) 

The torque to hoist an empty hook or drive it down 
is about 5 to 30 per cent of the torque required to 
hoist maximum rated load of the crane. This is due 
entirely to crane friction. 

In addition to the work of hoisting (1) there is © 
the work of accelerating. Most of this work, on cranes 
lifting at less than 150 ft. per min., is expended on 
the motor armature and brake wheel. An approxi- 
mate rule is to assume that the horse power input to 
accelerate an armature and brake wheel to full speed 
in one second is equal to the 30-minute horse power 
rating of the motor for alternating-current induction 
motors (11); and is equal to one-half the 30-minute 
horse power rating of the motor for series-wound 
direct-current motors (12). 

A more exact rule is to obtain from the motor manu- 
facturers the weight and radius of gyration of the 


i 


armature. Then, horse power input to start = 

Mara Da iis . 

1,612,800 x t a 
where 

M is given in (19) 
r. p.m. = speed of motor shaft as in (8) 
t = seconds used in acceleration 
(usually not over 2 sec.) (16) 


Selection of D-C. Hoist Motors. The general re- 
quirements are that the motor shall be enclosed to 
protect its commutator from dirt, that it shall be as 
light and easy to start as is consistent with necessary 
mechanical strength, that it shall be accessible and its 
parts easily replaceable. The power requirements are 


_for a large torque sustained for only a short time— 


therefore an especially designed motor for crane service 
is needed. It differs from a motor which is used for 
continuous drive in that it requires the mechanical 
strength of a large motor, the commutating capacity 
of a large motor, but needs to have only the active 
electrical material of a small motor. The smaller the 
active electrical material and the closer it can be located 
to the armature shaft, the better the motor, because 
of the lightness and small flywheel effect which are 
advantageous for a motor that starts frequently and 
quickly. 

Manufacturers of crane motors have given especial 
attention to the question of commutation either by 
using large brush area and narrow commutator bars 
with many windings or by using commutating poles. 

When required to meet the modern requirements of 
dynamic braking control, the motor must be stable and 
have good commutation when separately excited and 
when run at a high speed delivering about 50 per cent 
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of the rated torque; and it must show equally good 
commutation in either direction of rotation without 
shifting the brushes. 

It is advantageous for these motors to have split 
frames, easily accessible connection cables and brushes, 
so that the motor can be readily dismantled and re- 
paired in a small cramped space in the quickest possible 
time. 

To select the proper size of motor for crane hoist, 
determine (a) the maximum horse power to be delivered 
by the motor, and (b) the usual horse power. The 
horse power value obtained by adding h. p. (1) for a 
maximum load to h. p. (13) (or, for approximate results 
to h. p. (11) or (12) ) should always be less than the 
motor’s commutating limits. This may be the five- 
minute rating of the motor if commutating poles are 
used. By formula (1) the horse power delivered under 
usual operating conditions should be determined. 
This usual value of horse power determines the ordi- 
nary rating of the motor and it should be: 

For Class 1 cranes, the 15-minute rating of the motor. 

For Class 2 cranes, the 15- or 30-minute rating of 
the motor. 

For Class 3 cranes, the 60- or 90-minute rating of the 
motor. 

For Class 3A cranes, the 90-minute rating of the 
motor (because of the uncertainty of the load when the 
magnet attracts too large a piece). 

For Class 4 cranes, the 60- or 90-minute rating of the 
motor. 

For Class 5 cranes, the 30-minute rating of the motor. 

On large cranes of Class 5, it is customary to use two 
hoist motors, each of which alone can hoist the total 
load without exceeding its commutating limits. This 
excess capacity is warranted on account of the great 
value of the metal and the necessity of hoisting the 
load even if one motor is broken down. 

Example of Selection of Direct-Current Hoist Motors. 
Take a crane which usually hoists 10,000 (W) lb. at 
20 (S) feet per minute and which has gear efficiency 
(e) of 0.55. Take the extreme load to be 15,000 Ib. 
Substitute in (1). 


10,000 x 20 
33,000 x 0.55 


Let ¢ in (16) be 2 seconds 


hepa= = 11h. p. to hoist usual load. 


oh ed, 


alt 
Then h. p. (12) = —G 2 


When the motor has to hoist 15,000 Ib. occasionally 
this will require approximately 
15,000 
10,000 
Therefore, the usual horse power required will be 


11 and on extreme loads (16.5 + 2.75 = 19.25). 
Choose a motor which will start at 19.25h. p. and 


al le=aloroinD. 
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whose 15-, 30-, 60- or 90-minute rating, according to 
class of crane, is 11 h. Di: 


Approximate Rule. 


An approximate rule is as 
follows: 


Tons to be hoisted x ft. per min. 
10 


= 30-min. rating of motor. 

Selection of D-C. Bridge Motors. The general 

characteristics of these motors should be the same 

as those described for hoist motors. They should be 

series wound, totally enclosed and have good commuta- 
ting characteristics, ete. 


Calculation of Power for Bridge Motors. Rolling 


friction is caused by axle friction and wheel friction. 
With good lubrication, axle friction in pounds 


0.10 X (axle radius in inches) X (load in pounds) 
Radius of wheel in inches 


With good track, wheel friction in pounds 


0.002 X (load in pounds) 
Radius of wheel in inches 


The cross shaft runs in several bearings and its 
efficiency may be around 95 per cent. 

The efficiencies of the gears will be as defined above 
for hoist motions. 

The work done by the bridge motor consists of three 
parts; first, overcoming track resistance and journal 
friction—sometimes, together, called rolling friction; 
second, accelerating the crane with load; third, 
accelerating the motor armature and brake wheel. 
The first and second items of work above are done 
through a train of gears and involve gear losses. In 
the majority of busy cranes, the rolling friction is a 
small part of the total work and acceleration is the 
main work. Usually a draw-bar pull of from 20 to 30 
Ib. per ton will move a well made crane along a good 
level track. A new stiff crane or a poor track may 
require 50 or 60 lb. per ton. Acceleration of the crane 
and armature may require anywhere from 50 to 300 
lb. per ton draw-bar pull, depending on circumstances. 

Actual tests show ‘that rolling friction may, for 
different cranes and tracks, vary anywhere from 5 to 
50 pounds per ton. However, when a building sags, 
the draw-bar pull to move a crane may be almost any 
value and there is no use of trying to calculate it. 

Let C = Weight of crane without load in pounds (17) 
W = Weight of suspended load in pounds (includ- 

ing tackle) (3) 

N= Revolutions of motor armature which cor- 
respond to one foot travel of the bridge 

along the track (18) 


r. p. m. of motor 


in HAS: words N =~ p. m. of crane 
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5 
fl 


The effective weight of the armature and 
brake wheel plus an allowance of 5 per 
cent for gears, expressed in pounds at one 
foot radius on the armature shaft, 2. e. 
the flywheel effect (19) 


Efficiency of gearing expressed in per cent 
100 


(20) 


D (21) 
V = Free running speed in feet per minute when 
fully loaded crane is completely accelerated 
(22) 
The easiest way to choose the proper motor is to cut 
and try. Gear ratio is of vital importance and must be 
selected to conform to the speed-torque characteristics 
of the motor. 
First determine: 
Horse power to propel loaded crane 


One 
ee 800 


33,000 X e 


Rolling friction in pounds per ton 


(23) 


As a first trial select a motor whose 30-minute 
rating is about 30 to 50 per cent above horse power in 
(23). Determine from the motor manufacturer’s 
speed-horse-power curve the speed of the motor when 
delivering horse power in (23). Then determine N 
in (18). 

Next determine whether the assumed motor with the 
assumed gear ratio can accelerate the loaded crane and 
also the empty crane as rapidly as desired or needed, 
without exceeding the commutating limits of the motor. 
The rate of acceleration of empty crane will never need 
to exceed three feet per second per second; and of a 
loaded crane two feet per second per second. 


Let F = torque in lb. at one foot radius at motor 
shaft corresponding to horse power in (23). 


C 
Then ieegite x F = torque at motor shaft to 


propel empty crane. 


Let A = maximum torque which motor is recom- 
mended (by manufacturer) to exert during 
starting. Commutation and strength will 
be the limitations rather than heating. 

Rate of acceleration in feet per second per second 
which the empty crane can attain without torque 

exceeding A 


C 


Site tea 


= 32.2 


(24) 


Ee INA 
Sener Uae 


Rate of acceleration in feet per second per second which 
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loaded crane (load being rigid) can attain without 
torque exceeding A 


A-F 
= 32.2 = (25) 
C+W 4+27NM 
27Ne 


It is interesting to note that when the load is hung 
from the crane by a flexible rope, the motor does not 
have to start the load as soon as the crane starts. This 
relieves the motor somewhat. At the first instant of 
starting, the motor has to overcome rolling friction of 
total weight of crane and load, and it has to accelerate 
the crane and armature. As the crane moves away 
from the load, the load begins to accelerate at a rate 
far below that of the crane and finally when the crane 
has moved far enough away from the load, the load is 
accelerated as rapidly as the crane. 

Rate of acceleration in feet per second per second 
which loaded crane attains at instant crane starts to 
move (before suspended load begins to move), without 
torque exceeding A ‘ 

= 32.2 eae - 
—_¢ socNM 
27Ne 

There are four things which tend to limit the rate 
of acceleration of a bridge motor: 

1. Automatic magnetic control can absolutely limit 
it; 

2. Slipping of wheels can practically limit it. 

3. Swinging of load can limit it in some cases. 

4. Comfort of operator may limit it. 

When automatic magnetic control is used, the 
current-limit devices may be set to a value of current 
just sufficient to start the crane under the severest 
working conditions, and if the current is within the 
working limits of the motor no trouble need be expected 
on the crane. Of course, trouble can arise if the con- 
troller fails to function properly or if the operator 
“speeds up” the crane by setting the relays for higher 
current. To safeguard against this last difficulty, it 
is, of course, necessary to select a motor large enough 
to make all the speed actually needed. An average 
acceleration of something like 1 to 114 ft. per sec. per 
sec. will be fast enough for cranes which travel at less 
than 500 ft. per min. or make infrequent starts. Cranes 
which make regular frequent trips of 50 or 60 ft. every 
minute or so may need an average acceleration of 2 to 
214 ft. per second per second. Cranes which do 
“stunts” with swinging loads like some bucket cranes, 
which swing a bucket into a hopper, or hot metal 


ladle cranes, may need even 8 feet per second per second 
peak acceleration. 


When a motor is powerful enough to slip the wheels 
under full load without exceeding the working limits 


(26) 


Vs 45 99 gt Gel 


Mar. 1922 


of the motor, it is out of danger. A simple calculation! 
shows that if one-fourth of the wheels are driven and 
if these wheels carry one-fourth of the total weight, 
an acceleration peak of 2 ft. per second per second will 
just about slip the wheels. Of course, the average 
acceleration will be less than the peak and will depend 
on the number of controller steps.2 If one-half the 
wheels are driven, the rates of acceleration could be 
double the above values. Of course, it is possible for 
a vicious operator to turn his controller on so rapidly 
after the wheels slip, that the power required to spin 
the wheels and accelerate the armature will exceed the 
motor limits; but this is hardly to be expected. Where 
it is possible for a crane to do its work with only one- 
fourth of the wheels driven, this drive makes a very 
practical way of protecting the motor, but where one- 
half of the wheels must be driven, the motor is not so 
protected from overload. 


Cranes are frequently used for dragging cars and 
consequently the bridge motors must be large enough to 
do extra work, when so used. This problem would be 
something like an electric locomotive problem and will 
not be discussed in this paper. 


Usually when an enclosed crane bridge motor is 
properly chosen so far as torque and strength are con- 
cerned, it is big enough so far as heating is concerned; 
but this is not necessarily true on rapid-duty cranes. 
If the crane is running with power on the motor, more 
than 35 seconds in 100 seconds continuously for 5 hours 
at a time, heating is liable to be a limitation and the 
motor manufacturer should be consulted or past experi- 
ence with similar work should be used. 


Selection of Trolley-Motion, Direct-Current Motors. 
The type of motor should be the same as for 
hoist and bridge motions and since this motor is 
“plugged”? (or reversed by power when running at 
high speed frequently) its commutation must be good 
at double speed and 150 per cent current. Its commu- 
tator and windings must be insulated for at least 
double normal voltage. 


Calculation of Power for Trolley Motors. 
Let B = weight of trolley carriage less load (27) 
V = free running speed in feet per minute when 
fully loaded trolley is completely accel- 
erated (28) 


1. Assume a coefficient of friction between the wheels and 
the rail of 25 per cent. Then the available draw-bar pull from 
one-fourth of the wheels will be 25/4 or 6.25 per cent of the weight 
of the crane. Gravity (or the total weight of the crane) will 
accelerate the crane at 32.2 ft. per second per second—there- 
fore 6.25 per cent will accelerate it at 0.625 X 32.2 or 2 ft. per 
second per second. This calculation omits some niceties about 
rolling friction but they are relatively unimportant. 

2. Three blocks of accelerating resistors produce an average 
of approximately 72.5 per cent of the peak rate of acceleration ; 
four blocks 78.5 per cent; six blocks 85 per cent; nine blocks 89 
per cent; and thirteen blocks 92.5 per cent. 
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Horse power to propel loaded trolley 
B+W 
Ey 33,000 X e Ce) 


Choose a motor whose 30-minute rating is not less 
than horse power in (29) 


SELECTION OF ALTERNATING-CURRENT POLYPHASE 
Hoist Motors 


For the usual factory crane an open-type motor 
should be used. 

Where metal dust cinders, furnace fires, acid alkali 
and such unusual conditions are present, motors should 
be specially insulated and, in some cases, enclosed. 

For cement plants the bearings should be enclosed. 
It has seemed desirable to enclose also the collector 
rings but there is a considerable physical difficulty in 
enclosing collector rings on a motor which is equipped 
with a solenoid brake at one end and gearings at the 
other end. These difficulties, together with the in- 
accessibility of enclosed collector rings, have made 
it a better practical proposition to use open collector 
rings. It is necessary to clean out the brushes fre- 
quently in order to prevent them from sticking. 

The slip-ring wound-rotor induction motors are 
generally used where reduced-speed operation 1s needed. 
The single-speed squirrel-cage-rotor type of motor, 
with high-resistance rotor windings, is best suited to 
cranes which handle rough material where no reduced- 
speed operation is required and where size does not 
exceed 25 horse power. Under this class would come 
ice hoists, lumber cranes at not over 50 or 75 ft. per 
minute, cranes for boxed or baled goods at not over 100 
feet per minute, machine shop cranes at not over 15 or 
20 feet per minute. The multi-speed motor with 
squirrel-cage rotor offers many possibilities where re- 
duced-speed operation is required, such as foundry 
hoists; but this type has not been generally exploited 
commercially. 

. There are two important differences between the 
alternating-current and the direct-current, series-wound 
motor: (1) Power supply voltage and frequency must 
be maintained fairly uniform for the alternating-current 
motor because its maximum starting torque varies as 
the square of the voltage impressed, and inversely 
as the square of the frequency. Voltage has, in practise, 
no effect on the maximum starting torque of a direct- 
current series-wound motor because starting torque is a 
function of current only and even if voltage is abnor- 
mally low the controller can be manipulated to give 


maximum current. It is therefore, necessary to choose 
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a motor whose maximum-minimum! starting torque is, 
at least, twice and for squirrel-cage motors 2.5 or 3 
times the torque required for hoisting the maximum 
load. Consider, for example, a crane where power 
supply voltage is 90 per cent of rated motor voltage 
and where static friction is such as to add 25 per cent 
to hoisting torque at the instant of starting. Then if 
motor could exert 200 per cent normal torque at start- 
ing under normal voltage, it could exert 162 per cent 
of normal torque under 90 per cent voltage; and it 
would be called on to exert 125 per cent of normal torque. 
-The difference between 125 per cent and 162 per cent 
represents the margin, and it is none too great. This 
margin is not sufficient for squirrel-cage motors be- 
cause if they stall they are almost sure to burn out the 
rotor. 

In order to make the same number of trips per day 
with an a-c. crane as with a d-e. crane, it is frequently 
necessary to gear the a-c. crane for a higher full-load 
hoisting-hook speed than would be used with d-c., 
and this means that the rating of the a-c. motor must 
be relatively greater than that of the d-c. motor. To 
explain, let us assume that a round trip consists of 
hoisting full load 20 feet, lowering it 20 feet, hoisting an 
empty hook 20 feet and lowering it 20 feet. Ifa d-c. 
motor were used and geared for 40 feet per minute 
full-load hoisting speed, it would hoist in 30 seconds, 
lower (where lowering speed is 190 per cent hoisting 
speed) in 16 seconds, hoist in about 15.5 seconds (where 
20 per cent hoisting torque corresponds to 195 per cent 
speed), lower in 20.5 seconds, making a total of 82 
seconds. An a-c. motor would have to be geared to 


82 
hoist full load in about 20.5 (= ia) seconds in order 
to keep up with the d-c. motor because the a-c. motor 
can never run above its synchronous speed. This 
means that the a-c. motor would have to be 


30.5 (= 1.46) times as large as the d-c. motor for 


the particular case illustrated. This ratio does not 
come as high as 1.46 for ordinary practical cases where 
there is a good deal of creeping speed work in the 
typical round trip of the crane hoist. However, in 
order to meet the requirements of an occasional ex- 


3. Maximum-minimum starting torque is a term which 
applies to slip-ring type, wound-rotor induction motors. With the 
external resistance which is connected to the rotor adjusted for 
obtaining the maximum starting torque, the currents are so 
high as to set up a magnetic distortion between the poles of 
the stator and of the rotor. At some positions of the rotor, 
this distortion causes the torque to increase and at other posi- 
tions to decrease. Maximum-maximum starting torque means 
the torque when rotor is in most favorable position; Mazimum- 
minimum, the most unfavorable. 
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tremely high load, an induction motor may have to 
be considerably larger than a d-c. motor because a 
d-c. motor can exert more overload torque. 


Use of Permanent Resistance in the Rotor Winding of 
Slip-Ring Motors. When manual control is used and 
service is severe and abusive, a permanent block of 
resistance should be wired in series with the slip rings 
of the motor and should be of such value that the slip 
at full-load torque on the motor will be about 15 per 
cent after the controller has been turned to the “‘full on” 
position. To accomplish this, the permanent resistance 
should contain about 10 per cent as many ohms as are 
required to give 100 per cent slip (or standstill) with 
full-load torque on the motor. This sounds like wasting 
power but power is only one of the small considerations 
in the operation of the crane. The following tabulation 
of performance values on a certain typical motor shows 
the advantage of permanent resistance: 


Heating when 
motor is stalled, 
expressed in per 

Max. stalling* Stalling amps. |Per cent slip when|cent of the heating 
torque in per cent] in per cent of |motoris delivering] when full-load 
of full-load torque full load full-load torque |current is fiowing 

175 484 5 2340 
265 419 10 1750 
290 360 15 1300 
286 311 20 960 
272 278 25 115 
255 250 30 625 
236 229 35 522 
220 | 208 40 434 


*These are maximum-maximum values; not maximum-minimum values. 


Operators seem to make a practise of turning these 
manual controllers on as fast as possible and it is best 
to plan that the controller will be full on before the 
motor starts. The above table shows that the most 
starting torque can be obtained when a resistor is 
set for 15 per cent slip and that there is a big saving 
in motor heating at this resistor setting. A careful 
study of practical operation from all angles will show 
that with this resistor setting more can be gotten out 
of the motor than with any other setting, and at less 
expense in the way of motor and control trouble. 


When magnetic control is used, no permanent resis- 
tance is necessary because current-limit relays prevent 
all of the resistance from being short-circuited while 
the motor is at standstill. 

When permanent rotor resistance is used, it is not 
necessary, in comparing an a-c. motor with a d-c. 
series motor, to make the full-load hoisting speed for 
alternating current as much higher than for direct 
current as was indicated ina foregoing paragraph. In 
the example used, the full-load lowering speed will be 
enough above synchronous speed to average up the 
lower full-load hoisting speed; and, consequently the 
full-load hoisting speed need be only 129 per cent above 
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full-load d-c. hoisting speed in order to make the round 
trip in 82 seconds. 


Calculation of Power for Alternating-Current Crane 
Hoist Motors. Calculate the hoisting horse power as 
per equation (1) and choose a motor whose 30-minute 
rating is equal to or greater than this value. Where 
the motor is to be started frequently, calculate starting 
horse power to start from equation (13), choose a motor 
such that horse power from (1) plus horse power from 
(13) does not exceed 150 per cent of the 30-minute 
rating. 

Sometimes, on very rough service, it is advantageous 
to connect a permanent resistor in the rotor circuit of 
such value that speed under full load is about 85 per 
cent of the synchronous speed. When this is done 
the motor rating is reduced about 10 per cent and, there- 
fore, select the motor so that its 30-minute rating is 
110 per cent of the horse power in equation (1). Also 
it is, of course, necessary to gear the motor so that when 
running at 85 per cent of synchronous speed, the load 
will be hoisted at rated crane hook speed. 

Heating is not usually a limiting feature on open 
motors when motors are selected as above described 
except on bucket or similar cranes. When enclosed 
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motors are to be used, or buckets are to be handled, the 
duty should be referred to the manufacturer for selec- 
tion of the motor. 


Selection of Alternating-Current Bridge-Motion Motors. 
Wound-rotor motors with slip rings are best suited 
to this work. 


Motors should be open, enclosed or specially insu- 
lated to correspond with hoist motor. 
Permanent rotor resistance is generally advantageous. 


Calculation of Power for A-C. Bridge-Motion Motors. 
Try a motor such that the horse power to propel, in 
equation (23) does not exceed 75 per cent of the 30- 
minute rating. The maximum instantaneous torque 
during starting should not exceed 200 per cent of the 
full-load rated torque of the motor. Refer to equations 
(24), (25) and (26); substitute for A a value of torque 
in pounds at one foot radius which is not over twice 
full-load rated torque. Then see that a satisfactory 
rate of acceleration can be attained, cut and try until 
a suitable size of motor is obtained. On some high- 
speed cranes, horse power in equation (23) may have 
to be as low as 30 per cent of the 30-minute rating of 
the motor in order to obtain satisfactory acceleration 
without overloading the motor. 


TABLE I 


A KEY TO ASSIST IN THE SELECTION OF ELECTRICAL EQUIPMENT FOR CRANES 


Wound Rotor or 
Squirrel Cage 1-speed or 2-speed 
Voltage 
A-C Frequency 
{ Enclosed or Open, Insulation, No. of Phases { 15 minute 
Mechanical Strength and Heating Basis 30 minute 
Motors Staunchness Max. Torque 60 minute 
Rating 
Accessibility for Repairs Max. Torque 
Series or Com- 
D-C pound Wound 
Voltage 15 minute 
Heating Basis 30 minute 
60 minute pump 
No. of points vertical 
Straight Type of handle horizontal 
Reversible remote lever 
i ic No. of hand control rope-wheel 
ae { ee ee points spring-return 
ra ae Controller No. of automatic control 
hatte Straight points 
Magnetic Reversible Plugging { Hand controlled 
Dynamic point Automatic 
Control Braking Creeping speed point 
Equipment 4 Space requirements 
Type of handle on!master 
Heating 
Starting Torque 
Rheostat Plugging 
Creeping Speed 
Series or Shunt Wound disk 
Torque Requirements shoe 
Brakes Staunchness + band 
Wearing Qualities | coasting distance 
Overload 
No-voltage 
Protective Emergency Conditions 
Equipment Lock-out on Line Switch f Anhorent 
Individual Motor Switches ee { ae be 
Overwind Protection , 5 


relay \ 


geared 
hook-operated main circuit 


| non-reset 
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» Selection of Alternating-Current Trolley Motors. Use 
the same type of slip-ring motor as on hoist and bridge. 
Choose a motor such that the horse power in equation 
(29) does not exceed the 30-minute rating of the motor. 
On certain small trolleys which do not exceed 250 ft. 
per minute speed nor 5 h.p., it is possible to use a 
simple squirrel-cage motor with high-resistance rotor. 
Such a motor must have a starting torque at least twice 
the torque required to propel the maximum load as 
per equation (29). 
Starting torque in pounds at one foot radius must 
at least = . 


(horse power in (29)) X (full load r. p. m.) 
5,250 


Special heating requirement must be met and special 
control precautions taken. 


SUPERPOWER SYSTEM FOR JAPAN 

Developments in Japan within recent months indi- 
cate the future possibility of a superpower system to 
furnish electricity over the large area between Tokyo 
and Osaka. It isstated ina paper by Mr. C. A. Powel, 
of the Westinghouse Electric and Mfg. Co., that 
the completion of the contemplated program will 
give this Far Eastern nation one of the largest, if not 
the largest, superpower systems in the world. 

The principal industries in Japan are situated along 
the south coast of the Island of Nippon, around Tokyo, 
Osaka and Nagoya. The rough and somewhat sparsely 
populated provinces of Shinana and Mino are par- 
ticularly rich in water power, which is capable of 
development at such a cost as to make transmission 
to both Osaka and Tokyo an economical proposition. 
The rivers in this district have already been utilized 
for power purposes to a certain extent, but it is planned 
to obtain from them within the next few years an addi- 
tional half million kilowatts. 

The prevailing frequency in the Tokyo district 
is 50 cycles and in the Osaka district 60 cycles, so that 
an interchange of power is at the present time not 
possible, but the power companies serving the two 
territories will undoubtedly find it to their advantage 
to arrange for some interchange of power and in the 
most recent stations the generators, transformers and 
switchgear are being ordered for service at both 
60 and 50 cycles. 

This superpower scheme when realized will cover 
practically the whole of central Japan. At present 
this territory is served by five companies, all of which 
are taking part in a development of water power re- 
sources which is probably without precedent in the 
history of engineering. From January 1920 to June 
1921, Japan ordered abroad hydroelectric machinery 
totaling 260,000 h. p. and in the same period manu- 
factured at home 150,000 h. p. of such machinery. 

The-capacity of the plants recently completed totals 
129,500 kv-a., plants building and nearing completion 
ageregate 273,900 kv-a., and plants to be built in the 
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near future will have a capacity of 827,950 kv-a. These 
figures include the building programs up to the year 
1926. A proposal has been made, and is said to find 
favor with the present Minister of Communication, 
to amalgamate all these companies. If this can be 
brought about, Japan will undoubtedly have the largest 
power supply concern under one management in the 
world. 

It is interesting to note that this tendency to amal- 
gamate is found not only in Central Japan but also in 
Hokkaido (the northern island) where the Fuji Elec- 
tric Company has absorbed the five other companies 
serving the island, and in Kyushu (the southern island) 
where an amalgamation of all the companies, large 
and small, is on the point of realization. 


ELECTRIC SERVICE IN MADRID 

Among Spanish residents there is increasing criti- 
cism of the present service for electric light and 
electric current in the city of Madrid. To foreigners 
the light seems weak, especially during the peak hours; 
and often in the late afternoon electric: elevators fail 
to function. This has become so serious of recent 
years as to affect the rents obtainable for upper stories 
of residential and office buildings. 

As there are few hydraulic or steam elevators in 
Madrid, the electric current is a matter of considerable 
importance to both landlords and tenants, there being 
about 300,000 persons living in flats in Madrid. 


INCREASED USE OF ELECTRIC CURRENT 

Madrid has found many new uses for electricity, 
such as in heating and cooking; the municipality has 
imposed an obligation on landlords to install a light 
at the entrance of each building; the increased cost of 
gas has naturally turned many persons toward the use 
of electricity; industrial progress and extension have 
also increased its consumption. The progress of the 
people themselves demands an increasing amount of 
electricity, since many classes who formerly did with- 
out now use it as a matter of course. The working 
of all these causes has in the last two years brought 
about an excessive increase in consumption of electric 
current, so that today the number of subscribers in 
each of the seven companies exceeds the total number 
existing in Madrid two years ago, and practically each 
subscriber consumes more electricity than he did then. 

With the present lack of electric current, a real prob- 
lem must soon be faced when the 1000 buildings now 
under construction and those planned for imminent 
erection are finished and added to the consumers of 
electricity, unless new electrical projects are promptly 
negotiated. 

There is, therefore, a considerable agitation for in- 
creasing sources of supply. Along with it there is 
propaganda for popularizing the schemes already un- 
der construction, which represent estimated produc- 
tion of 600,000,000 kilowatts per hour.—Commerce 
Reporis. 
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A. I. E. E. Spring Convention 


CHICAGO, APRIL 19-21 


The Spring Convention of the American Institute of Electrical 
Engineers will be held in Chicago, Ill., April 19-21, 1922. The 
Institute headquarters during the convention will be in the 
Drake Hotel, where the technical sessions also will be held. 

The- Committee of Arrangements for this convention has 
recently been appointed by President McClellan and its per- 
sonnel is as follows: Chairman, Louis H. Ferguson; vice-chair- 
man, J. E. Kearns; C. E. Allen, E. E. F. Creighton, Charles H. 
Jones, S. A. Rhodes and C. J. Schaus. The committee is 
arranging technical inspection trips and some social features, 
including entertainment for the visiting ladies. 

The technical program which is in the hands of the Meetings 
and Papers Committee is not yet completed but a number of the 
papers to be presented has been tentatively scheduled and is as 
follows: 

The Superpower System-I, by Henry Flood, Jr. 

The Superpower System-ITI, by L. E. Imlay. 

The St. Lawrence Seaway, by W. L. Saunders. 

The Relation of the Electrical Engineer to Fire Prevention and 
Fire Protection, by R. C. Loughead. 

The Electric Hammer, by P. Trombetta. 

A Relay Recorder for Remote Control by Radio, by F. W. Dun- 
more. 

Philadelphia-Chicago Long-Distance Telephone Cable, by 
James J. Pilliod. 

Selection of Electrical Apparatus for Cranes, by R. H. McLain. 

Auciliary Electrical Equipment for Motor-Operated Cranes, by 
H. M. Eastwood. 

Textile Printing, by C. T. Guildford (by title only). 

The Use of Slip-Ring Induction Motors and Synchronous 
Motors in Cement Mills, by H. W. Rogers (by title only). 


Magnetic Flux Distribution in Transformers, by Karl B. 
MeFachron. 
The complete program of technical papers and other conven- 
tion events will be printed in the April Journat. 
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z = agnetic Clutches in the Cement Industry, by W. H. Costello 
= = (by title only). 
: : Electric Power Application to Passenger and Freight Elevators, 
: = by H. P. Reed (by title only). 
z NAI The Two-Stage Current Transformer, by H. B. Brooks and 
q BC. Holtz 


A. I. E. E. Annual Convention 
NIAGARA FALLS, JUNE 26-30 


It has been decided to hold the Annual Convention of the 

Institute this year at Niagara Falls, Ontario, during the week 
of June 26-30. The headquarters during the meeting will be 
at The Clifton Hotel. 
)' Preparations for this Convention are well under way. Presi- 
dent McClellan has appointed the Committee of Arrangements 
as follows: F. R. Ewert, Chairman, H. G. Acres, A. W. Berres- 
ford, KE. KE. F. Creighton, W. P. Dobson, L. E. Imlay and J. 
Allen Johnson. This committee will have charge of all local 
arrangements, and it is planned that excursions and social events 
will occupy a portion of each day, for which purpose all of the 
afternoons will be left open. 

The program of technical papers under the auspices of the 
Meetings and Papers Committee, has been partly arranged 
but is not sufficiently complete to announce at this time. It 
is also planned to hold several important meetings and con- 
ferences of Sections Delegates. 

Further information will appear in successive issues of the 
JOURNAL as the plans for this convention mature. 


Future Section Meetings 

Akron.—March 22, 1922, Engineering Society of Akron 
Rooms, 41 East Mill Street. Subject ‘‘lumination.” Speaker: 
Mr. A. R. Holden, of the B. F. Goodrich Company, Akron. 

Atlanta.—March 30, 1922. Subject: “Steam Turbines.” 
Speaker: Mr. E. F. McLaughlin, of the General Electric Com- 
pany. 

Baltimore.—March 17, 1922, Engineers Club, Baltimore, 
8:15 p.m. Subject: ‘The Relation of the Bureau of Standards 
to the Industries and Engineering Societies of the Country.” 
Speaker: Dr. S. W. Stratton, Director, Bureau of Standards, 
Washington, D. C. 

Cleveland.—March 21, 1922, Club Rooms of the Electrical 
League, Hotel Statler, 8:15 p.m. Subject “Power Plant Eco- 
nomics with Special Reference to the Steam Turbine.” Speaker: 
Mr. T. E. Keating, of the Westinghouse Elec. & Mfg. Company. 

Erie-—Marech 21, 1922. Subject: “Electrochemistry.” 
Speaker: Mr. Swartz. 

Fort Wayne.— March 16, 1922. Subject: ‘Automatic Sub- 
stations.’ Speaker: Mr. W. S. Richhart of the Indiana Ser- 
vice Company. This meeting will include an inspection trip 
through one or more of the automatic substations of the local 
traction company. 

Lehigh Valley.—March9, 1922. Subject: “Radio Telephony 
and Broadeasting.”” Speaker: Mr. L. W. Chubb, manager of 
the Radio Engineering Department, Westinghouse Elec. & 
Mfg. Company, Pittsburgh. 

Pittsburgh.— March 15, 1922, Chamber of Commerce 
Auditorium, Pittsburgh, at 8:00 p.m. The program for this 
meeting has been arranged especially with a view to interesting 
the many men who are directly responsible for the operation 
of electrical machinery in industrial and commercial plants. 
Program: ‘‘Electricity in and around a Coal Mine,” by H. J. 
Nelms, general superintendent, New Fields By-Products Coal 
Company; “Electrical Problems in the Department Store,” 
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by E. R. Roberts, mechanical superintendent, Kaufmanns; 
‘Factors Governing Maintenance Policies for Industrial Elec- 
trical Apparatus,” by Mr. A. C. Cummins of the Duquesne 
Works, Carnegie Steel Company. All of the speakers have had 
broad and intimate practical experience in the operation of 
electrical apparatus. The papers will be discussed by other 
operating men, by manufacturers and by central station men. 

Schenectady.—March 17, 1922. General subject: “Recent 
Developments in High-Tension Practise and High-Voltage 
Phenomena.” Speaker: Mr. F. W. Peek of the General Electric 
Company, Pittsfield, Mass. 

Toronto.—March 10, 1922. Joint meeting with Toronto 
Branch Radio Research Club of Canada. Subject: ‘Wireless 
and Guided Wave Telephony.” Speaker: Mr. Charles A. 
Culver, Ph. D. 

March 24, 1922. Joint meeting with Hamilton Branch En- 
gineering Institute of Canada at Hamilton, Ont. 

April 7, 1922. Subject: ‘Explanations and Demonstrations 
of Power Factor.” Speaker: Professor H. W. Price. 

Utah.—March 31, 1922. Commercial Club, Salt Lake City 
Utah. Subject: ‘Illumination and Eye Strain.” Speaker: 
Mr. H. T. Plumb, of the General Electric Company. 

Vancouver.—April 7, 1922. Auditorium Board of Trade 
Building, Pender & Homer Streets. Subject: “Safety Card in 
City and Suburban Service.”’ Speaker: Mr. H. M. Lloyd. | 

Philadelphia.—March 15, 1922. Joint meeting. Franklin 
Institute of Philadelphia and Philadelphia Section A. I. E. E. 

March 21, 1922. Second Hydroelectric Symposium. Manu- 
facturers’ Club. Broad and Walnut Streets. Afternoon and 
evening sessions. 


A. I. E. E. Directors Meeting 
FEBRUARY 16, 1922 

The regular bi-monthly meeting of the-Board of Directors 
of the American Institute of Electrical Engineers was held at 
Institute headquarters, New York, on Thursday, February 16, 
1922, at 4:00 p. m. 

There were present: President William McClellan, Phila- 
delphia; Past President Calvert Townley, New York; Vice- 
Presidents W. A. Del Mar, New York, and F. R. Ewart, Toronto; 
Managers W. I. Slichter, L. F. Morehouse, E. B. Craft, H. A. 
Pratt, New York, G. Faccioli, Pittsfield, L. E. Imlay, Niagara 
Falls, H. B. Smith, Worcester, R. B. Williamson, Milwaukee. 
A. G. Pierce, Pittsburgh; Treasurer George A. Hamilton, 
Elizabeth, N. J.; Secretary F. L. Hutchinson, New York. 

Approval by the Finance Committee of monthly bills amounting 
to $19,873.43 was ratified. 

The Meetings and Papers Committee reported that plans are 
progressing for the Chicago Convention, April 19-21; the Annual 
Convention, Niagara Falls, June 26-30; and the Pacific Coast 
Convention, Vancouver, August 8-11. 

Reports were presented of meetings of the Board of Examiners 
held January 9 and February 10; and the actions taken at those 
meetings relative to applications for election and transfer were 
approved. Upon recommendation of the Board of Examiners 
the following action was taken upon pending applications: 
227 Students were ordered enrolled; 291 applicants were elec- 
ted to the grade of Associate; 11 applicants were elected to the 
grade of Member; 9 applicants were transferred to the Grade 
of Member; 1 applicant was transferred to the grade of Fellow. 

Announcement was made of the appointment by the Presi- 
dent, as required by the Constitution, of the Tellers Committee, 
to convass and report upon the nomination and election ballots 
in connection with the 1922 election of Institute officers. 

Authority was granted for the organization of an Oklahoma 
Section of the Institute. 

The resignation of Professor Robert J. Scott as Local Hono- 
rary Secretary for New Zealand, because of retirement from 
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professional duties, was presented; and Mr. Lawrence Birks 
was appointed as his successor. A letter of appreciation of 
Professor Scott’s services as Local Honorary Secretary was 
voted. 

In addition to these actions, other matters relating to im- 
portant activities and the general policy of the Institute were 
discussed; reference to these matters may be found in this and 
future issues of the JourNat under suitable headings. 


The Midwinter Convention 


The Tenth Midwinter Convention of the American Institute 
of Electrica! Engineers was held in New York, February 15-17, 
1922, at the Engineering Societies Building. By tradition, this 
annual function of the Institute has become established as a 
working convention, devoted almost exclusively to the presenta- 
tion and discussion of highly technical subjects. The program 
for this year’s convention was a full one, averaging four papers 
for each of the five technical sessions, and a large part of the 


- discussion was prepared in advance, resulting in unusually 


interesting sessions which were prolonged considerably bevond the 
usual limits. 

In addition to the technical sessions, one evening was devoted 
to the presentation of the Edison Medal to Mr. Cummings C. 
Chesney, after which Dr. W. D. Bancroft delivered a lecture on 
Colloids. One afternoon was reserved for visits to points of 
engineering interest in New York city and vicinity, and on the 
last evening of the convention the annual Dinner-Dance was 
held. 

The registration bureau which was in the foyer of the building 
opened on February 15 at 11:00 a. m., and approximately 1000 
members and guests were registered during the three days of the 
convention. 

Various Institute committees held meetings during the 
Convention as follows: 

February 15. Sectional Committee on Lightning Protection, 
Meetings and Papers Committee, Electrical Machinery Com- 
mittee, Standards Subcommittee on Switching, Control and 
Protective Apparatus, Standards Subcommittee on Rotating 
Machinery, Standards Subcommittee on Telegraphy and 
Telephony, and Subcommittee on Reactors. 


February 16. Board of Directors, Membership Committee, 
and Industrial and Domestic Power Committee. 


February 17. Standards Committee, and Protective Devices 
Committee. 


WEDNESDAY AFTERNOON 


The first session was called to order by President McClellan 
at 2:30 p.m. President McClellan gave a short introductory 
address bearing on the opportunities of the engineering profession 
in the readjustment and development of the country following 
the general derangement of business and manufacturing condi- 
tions due to the war. He considered the transportation problem 
one of the most fundamental and difficult matters which require 
attention. It is folly to talk about lowering railroad rates with 
the present railroad systems, but we know that eventually the 
rates must come down, even if it means the creation of a brand 
new transportation system. Today railroad electrification is 
nearer than it ever was before. Most of the technical features 
of electrification have been solved, and the country will be 
willing to pour money into the greatest and most fundamental 
machine of all—the transportation machine—when terminal and 
other conditions are satisfactory, and when we are certain the 
machine is right. 

President McClellan pointed out that the future would be 
the era of power, because it is to be the era of machines; that - 
is the reason we hear of the St. Lawrence Seaway being coupled 
up with waterpower; of the project at Muscle Shoals and other 
projects for the development of power; of the great Superpower 
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System recently reported upon by one of the leading members 
of this Institute. This is going to be an age of power, and there- 
fore an age of opportunity for every type of engineer, and 
especially the engineer skilled in electrical applications. 

The president then introduced Mr. W. H. Martin who pre- 
sented the first paper on the program entitled The Key West— 
Havana Submarine Telephone Cable System, by W. H. Martin 
G. A. Anderegg and B. W. Kendall. The paper was cioueeed 
by Bancroft Gherardi. This was followed by the paper entitled 
Submarine Cable Telegraphy, by J. W. Milnor, presented by the 
author and discussed by W. D. A. Peaslee. The final paper of 
the session, Printing Telegraph Systems Applied to Message 
Traffic Handling, by A. H. Reiber, presented by the author, 


was discussed by R. E. Chetwood, John H. Bell and G. D. Robin- 
‘son. 


WEDNESDAY EVENING 


At the Wednesday evening session presided over by Presiden 
McClellan the first business was the presentation of the Ques- 
tionnaire on Lightning Arresters, by F. L. Hunt, followed by the 
paper On Deviations from Standard Practise in Lightning Arres- 
ters, by HE. E. F. Creighton. These papers were discussed by 
Joseph Slepian, D. W. Roper, Joseph L. R. Hayden and Norman 
A. Lougee. 

The next item was the paper on Condenser Discharge Through 
a Generdl Gas Circuit, by Charles P. Steinmetz which was pre- 
sented by the author and discussed by A. Karapetoff and L. W. 
Chubb. 


Tuurspay Morninea 


At the Thursday morning session, after the opening by Presi- 
dent McClellan, E. B. Meyer, Chairman of the Transmission and 
Distribution Committee presided. The first paper presented 
was entitled The Petersen Earth Coil, by R. N. Conwell and R. D. 
Evans, read by Mr. Conwell. This was discussed by W. W. 
Lewis, Carl Hering, C. L. Fortescue, H. M. Trueblood and L. P. 
Ferris. 

Then followed the paper on The Effects of Moisture on the 
Thermal Conductivity of Soils, by G. B. Shanklin. This was dis- 
cussed by D. W. Roper, R. W. Atkinson, W. A. Del Mar, G. E. 
Luke and C. J. Fechheimer. Next was the paper entitled 
Five Hundred Tests on the Dielectric Strength of Oil, by J. L. RB. 
Hayden and W. N. Eddy, read by Mr. Hayden, and discussed 
by C. E. Skinner, F. M. Farmer, Jr., F. W. Peek, John B. White- 
head, Delafield DuBois, C. P. Steinmetz and written discussion 
by A. B. Hendricks, Jr., read by F. F. Brand. 

The last paper of the session was that entitled An Analytical 
Investigation of the Causes of Flashing of Synchronous Conver- 
ters, by E. B. Shand. This was discussed by J. L. Burnham, 
J.J. Linebaugh, H. M. Trueblood and F. C. Hanker, followed by 
closures by the authors. 


THurspAY AFTERNOON 


The Thursday afternoon session was called to order by Presi- 
dent McClellan, and H. R. Woodrow, Chairman of the Protective 
Devices Committee, occupied the chair during the session. The 
first paper presented was that on The Use of Superimposed 
Imaginary E. M. Fs., Currents and Fluxes in the Solution of 
Alternating-Current Problems, by V. Karapetoff. This was 
discussed by R. E. Doherty, Comfort A. Adams, Joseph Slepian, 
P. Trombetta and written discussion by W. V. Lyon. The next 
item was Questions on the Economic Value of the Overhead 
Grounded Wire, by E. E. F. Creighton. This was discussed by 
W. W. Lewis, C. L. Fortescue, E. P. Peck, Harry Barker, C. P. 
Steinmetz and written discussion by Wiliam S. Jones. 

Next followed the paper on Wave Form and Amplification of 
Corona Discharge, by J. B. Whitehead and N. Inouye, presented 
by Dr. Whitehead. This paper was discussed by J. H. More- 
croft, G. D. Robinson. The final paper of this session was 
entitled Prevention of Transient Voliage in Windings, by J. 
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Murray Weed, and discussed by M. BE. Skinner, F. F. Brand, 
H. O. Stephens, L. F. Blume, C. L. Fortescue, J. F. Peters, 
F. W. Peek and P. Trombetta. The discussions were followed 
by closure of the author. 


Tuurspay Hvpnina 


At the Thursday evening session occurred the presentation 
of the Edison Medal to Cummings C. Chesney, notice of which 
appears elsewhere. This was followed by an address on Colloids 
by Dr. W. D. Bancroft. 


Fripay Mornina 


At the Friday morning session at which C. E. Skinner acted 
as Chairman, the first paper was entitled Heating of Railway 
Motors in Service and on Test Floor Runs, by G. KE. Luke, and was 
discussed by M. R. Hanna, C. J. Fechheimer, F. W. Peters 
and A. C. Lanier. Next came the paper on The ‘‘Indumor,”’ 
by V. Karapetoff, which was discussed by C. W. Bates, E. E. F. 
Creighton, H. M. Hobart, E. G. Merrick, P. Trombetta and 
Lawrence EK. Widmark. These discussions were followed by 
closures by the authors. 


The following papers were read by title only: Skin Effect 
and Proximity Effect in Tubular Conductors, by Herbert Bristol 
Dwight, Heat Losses in Stranded Armature Conductors, by 
Waldo V. Lyon, Current Locus of Single-Phase Induction Motors, 
by J. K. Kostko and Polyphase Commutator Machines, by A. B. 
Field. 

These were discussed by V. Karapetoff, E. W. Davis and A. 8. 
Dana; also a written discussion by M.S. Vallarta. Mr. Dwight 
closed the discussion on his paper. The meeting then adjourned. 


Fripay AFTERNOON 


Much interest was manifested in the various inspection trips 
that were scheduled for Friday afternoon, and about 300 mem- 
bers registered to visit the plants which were opened for inspec- 
tion to members and guests of the Convention. These plants 
were as follows: 

Famous Players—Lasky Corp. Studio and Laboratories, 
Astoria, L. I. 

The New York Telephone Company, 24 Walker Street. 

United Electric Light & Power Co., New Hell Gate Station. 

Bell System Research Laboratories, 463 West Street. 

Radio Corporation of America, Port Jefferson, Long Island. 

New York Edison Company, Waterside power stations, Hast 
38th-40th Streets and First Avenue; substation, 115-117 West 
39th Street. 

Brooklyn Edison Company, Gold Street Station, foot of Gold 
Street, Brooklyn. 

United Electric Light and Power Co., power station at 201st 
Street and Harlem River; 97th St. substation, 97th St. between 
Columbus and Amsterdam Avenues. 

Interborough Rapid Transit Co., 59th Street power station, 
600 West 59th Street, New York; 74th Street, power station, 
74th Street and East River, New York; substation No. 42, 
57th Street and Third Avenue. 

Public Service Electric Company, Essex power station, 
Newark, N. J. 

Electrical Testing Laboratories, 80th Street and Hast End 
Avenue. 

DINNER DANCE 


Fripay HvENING 


The dinner-dance, which has come to be a regular feature of the 
Midwinter Convention, was held at the Hotel Astor, New York, 
on Friday evening and was attended by 400 guests. An informal 
reception preceded the dinner after which dancing was enjoyed 
by all until a late hour. 
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Presentation of the Edison Medal to 
C. C. Chesney 


An interesting and enjoyable feature of the Midwinter Con- 
vention was the presentation of the Edison Medal to IbR, (OC! 
Chesney on the evening of February 16th. The meeting was 
called to order by President McClellan. After a few words of 
welcome he ealled upon Prof. C. A. Adams who in a brief address 
explained the origin of the Edison Medal and the method of 


its award. 
Appress oF W. B. JACKSON 


The Chairman then ealled on Mr. William B. Jackson, who 
gave a very interesting account of Mr. Chesney’s life beginning 
with his student days at Pennsylvania State College, where he 
was prominent not only for his scholarship but as a leader in 
baseball and athletics. _Mr. Jackson was associated with the 
medalist in the electrical works at Pittsfield, Mass., which were 
established by Mr. Chesney, William Stanley and John F. Kelly, 
and was therefore well acquainted with his pioneer work in the 
field of alternating-current development, the foundation of 
Mr. Chesney’s later achievements in alternating-current 
transmission. The speaker narrated many interesting stories and 
intimate details of Mr. Chesney’s early work and ascribed much 
of his success to his untiring industry and his characteristic 
perseverance in overcoming all obstacles and apparent impossi- 
bilities in an almost virgin field of endeavor. 

The medal and diploma of award were then presented to Mr. 


Chesney by President McClellan. 


Appress oF Mr. CHESNEY 


In responding, Mr. Chesney spoke in part as follows: 


The honor conferred on me in the award of the Edison Medal I accept 
with the deepest appreciation, for I am not unmindful of the fact that to 
have one’s name added to the list of distinguished recipients is an honor 
above price, and indeed it would be an affectation on my part not to say 
that this is a proud moment in my life. 

My activities in the electrical engineering field began with my employ- 
ment by the late William Stanley, whom I first met in Great Barrington, 
Massachusetts, on the third of November 1888, two years after I had left 
State College. On my arrival in Great Barrington I reported at the Lab- 
oratory, and found Mr. Stanley engaged in repairing the commutator on 
his self-regulating alternator which had failed him the night before. The 
success of the series of experiments with alternate currents which he had 
carried on in Great Barrington two years before had given him the greatest 
confidence and enthusiasm in the possibilities of the alternating-current 
system, and of the transformer in particular, and he was anxious to the 
last degree to carry on their further development. He had at that time the 
full conception of the alternating-current station idea of manufacturing 
power—that is, to manufacture power in large volume at some suitable loca- 
tion, transmit and distribute it to points of consumption by the use of 
alternate currents. 

I would be indeed derelict if I did not state tonight that it was Mr. 
Stanley’s personal encouragement and enthusiasm during those early 
days, as well as his belief and vision of the future domain of electricity 
which turned me from the special study and practise of chemistry to the 
field of electrical engineering, and which has influenced me most in determ- 
ining the course that I have subsequently followed in that field. 


My first stay in Great Barrington and the Berkshire Hills was to be 
short lived, too short for my liking. For in the early summer of 1889 Mr. 
Stanley, at Mr. George Westinghouse’s request, moved his laboratory to 
the plant of the U. S. Electric Lighting Company, at Newark, New Jersey. 
This company a few months previously had been purchased by the Westing- 
house Electric & Manufacturing Company and a reorganization was taking 
place. With Mr. Stanley went the principal members of his Great Barring- 
ton staff. In Newark, in addition to the problems studied at Great Bar- 
rington, the study of the design of direct-current generators and motors 
was taken up by the Laboratory staff, and as part of my routine duties I 
designed a new line of d-c. generators and motors for isolated power and 
lighting purposes. It was my first accomplishment in the designing of 
dynamo-electric machines. These machines were immediately manufac- 
tured and sold by the U. 8. Company. 

The summer of 1890 was an eventful one in the commercial world. 
Business conditions demanded retrenchments on the part of the company. 
Reductions in the expenditures for development and experimental work, as 
is usual at such times, were ordered. 
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The outcome as far as I was concerned was altogether unexpected. In 
a few days after our excitement had subsided Stanley suggested that we 
leave the Westinghouse Company, go to Pittsfield and organize a company 
to manufacture transformers. The alternating-current field as a whole 
was new and undeveloped, the possibilities wonderful. Its complex and 
formidable problems then as now appealed to the imagination of the 
mathematician and mechanic. My early figures showed me that it was 
possible to produce economically a transformer much larger in capacity, 
of better efficiency and regulation, than any transformer that had yet 
been commercially offered. I, therefore, with much enthusiasm, but with 
some regrets it is true, decided to take a chance and went to Pittsfield with 
Mr. Stanley on November 1, 1890. 

The manufacturing organizations of the new company were pushed 
forward with the vigor that the conditions demanded and warranted. The 
first transformers were shipped April 1, 1891, three months after the com- 
pany was organized—a feat in which I have always taken great personal 
pride. To equip a factory for manufacturing any piece of electrical appa- 
ratus with the necessary machinery, organize the working force, design, 
build and ship a successful device all in three months, I know from my later 
‘years of experience was no mean engineering accomplishment from the 
standpoint of speed and quality. The commercial success of these 
transformers was immediate and the factory which was believed to be too 
large for the purpose was within a few months filled to its utmost capacity. 


Mr. Chesney then told of many new manufacturing details 
that were ineorporated in these transformers which were used 
on single-phase, 133-cycle circuits with an economical radius 
of distribution of from two to three miles. It had become ob- 
vious, if the alternating-current system was to progress, that 
polyphase circuits of lower frequency must be adopted. He 
then described his company’s next step in the production of 
two-phase generators. 


At this period of the art—1892 to 1894—\the Stanley Electric Manu- 
facturing Company introduced its novel polyphase alternator with its 
stationary armature, built for either 66 or 133 cycles and for any voltage 
up to and including 12,000 volts. The first of these alternators were built 
for 133 cycles and two-phase, and were early fitted with devices for varying 
independently the e.m.f. of each phase. They therefore could be used 
economically for single-phase as well as two-phase operation without 
appreciable reduction of output. A number of these high-frequency 
alternators was installed at this time in existing stations, operating during 
the day at two-phase, supplying electric light and power, and operating 
at single-phase at night during period of heavy lighting loads. 


The first commercial use, however, of these alternators and transformers 
for the long-distance transmission of power was made in the village of 
Housatonic, Massachusetts. The Monument Mills operated large cotton 
mills in this village and owned a water power privilege on the Housatonic 
River located a mile and one-half north of its mills. A contract was given 
to the Stanley Electric Manufacturing Company for the complete electrical 
eouipment of the mills. 

The plant was put in operation in 1893, although not in daily operation 
until 1894. It was, therefore, the first commercial polyphase plant in- 
stalled in this country for the transmission and distribution of polyphase 
currents for electric light and power. The alternators and pole line con- 
tinued to be operated daily for more than twenty years and until they were 
replaced by those of larger capacity. 

Based on the experience gained at Housatonic the important installa~ 
tion of the Montmorency Power Co. at the Falls of Montmorency, Quebec, 
Canada, was engineered for larger machines and higher voltages. The 
machines were of 600-kw. capacity and the operating potential 6000 volts. 
The frequency and phase adopted were the same as those which had proved 
satisfactory at Housatonic. This plant was put in operation in April 1895, 
and delivered two-phase currents for the entire requirements of the City 
of Quebec for electric light and power. It is worth stating that the alter- 
nators, from the date of their installation, were operated in parallel and 
that static condensers were first used extensively by the Montmorency 
Company on its circuits in Quebec to correct the low power factor caused 
by the use of induction motors. 


Simultaneously with the development of the high-voltage alternator 
was carried on the development of the transformers for even higher voltages, 
producing in the late nineties transformers for 50,000 to 60,000 volts opera- 
tion. 

I wish to emphasize the fact that the changes introduced into the art 
during the early nineties of the last century by the engineers of that period 
have placed the whole structure of the electric art of to-day, as applied to 
light and power, firmly on the use of alternating currents. 

These contributions by practical engineering to the world’s affairs 
have been progressive in character, and were directed toward the one 
utlimate purpose of all science and engineering, the improvement in human 
beenpee and an endeavor to bring into the world an era of more gracious 
iving. 
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CONFERENCE ON CROSSING SPECIFICATIONS 


At the request of the American Electric Railway Association, 
a conference has been ealled for Mareh 2nd by the American 
Engineering Standards Committee, to decide whether there shall 
be uniform specifications for the crossing of overhead wires, and 
to dispose, if possible, of certain differences of opinion in regard 
to those parts of the National Electrical Safety Code which deal 
with overhead lines. It will be remembered that the code has 
been submitted to the American Engineering Standards Com- 
mittee for approval. 


FACTORY LIGHTING CODE 


The Code of Lighting for factory mills and other work places, 
based upon earlier codes issued by the Illuminating Engineering 
Society and recently revised by a sectional committee under the 
sponsorship of this society has been officially approved as Ameri- 
can Standard by the American Engineering Standards Commit- 
tee. 

The code is very brief, consisting of a few rules covering the 
minimum requirements, from the point of view of safety, for the 
illumination of traverse spaces during the time of use, methods 
for the avoidance of glare, and for exit and emergency lighting. 
Supplementary to the code are numerous suggestions relative 
to illumination values considered desirable for different classes 
of work and an outline of the advantages of good lighting. 


OFFICERS ELECTED 


At the adjourned annual meeting of the American Engineer- 
ing Standards Committee held in New York on February 9th, 
Mr. Albert W. Whitney, a representative of the National Safety 
Council, was elected chairman, and Mr. George C. Stone, a 
representative of the American Institute of Mining and Metal- 
lurgical Engineers, was reelected vice-chairman. Mr. A. A. 
Stevenson, the retiring chairman, is a representative of the 
American Society for Testing Materials. The following were 
elected to represent the respective member-bodies on the Execu- 
tive Committee: 


Martin Schreiber American Electric Railway Association 

Sullivan W. Jones American Institute of Architects 

C. E. Skinner American Institute of Electrical Engineers 

E. A. Frink American Railway Associatton (Engineering Divi- 
sion) 

ea sec creh American Society of Civil Engineers 

Eugene C. Peck American Society of Mechanical Engineers 

John A. Capp American Society for Testing Materials 

RPI gay. cal sttsh e Association of American Steel Manufacturers 

A. H. Moore Electrical Manufacturers Council 

N, A. Carle Electric Light & Power Group 

Dana Pierce Fire Protection Group 


A. Cressy Morrison Gas Group 
Coker F. Clarkson Society of Automotive Engineers 
Thos. H. MacDonald U. 8. Department of Agriculture 


G. K. Burgess U. S. Department of Commerce 
O. P. Hood U. S. Department of Interior 
Francis J. Cleary U. S. Navy Department 
Beverly C. Dunn U. S. War Department 


NEW MEMBER-BODIES 

Beginning with 1922, the American Railway Association 
(Engineering Division) and the Association of American Steel 
Manufacturers became member-bodies of the American Engi- 
neering Standards Committee. This brings the total number of 
national organizations represented upon the American Engineer- 
ing Standards Committee up to twenty-eight, and of representa- 
tives to fifty-two. 
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INSULATED WIRE AND CABLE STANDARDIZATION 


Insulated wires and cables constitute the biggest single item 
of manufactured electrical devices and machinery, their value 
being about 17 per cent of the total value of all such equipment. 
Many engineering societies and commercial organizations have 
issued standard specifications for them which have come into 
very general use. All of these specifications, however, are made 
to apply to specific industrial uses and little has been done to 
coordinate them. 

The first step toward this was taken last winter when the 
following ten engineering societies and other public organiza- 
tions agreed to act as Sponsors, under the auspices of the Ameri- 
can Engineering Standards Committee, for a comprehensive 
standardization of electric wires and cables for other than tele- 
phone and telegraph use: 

American Electric Railway Association 

American Institute of Electrical Engineers 

American Railway Engineering Association 

American Society for Testing Materials 

Associated Manufacturers of Electrical Supplies 

Association of Edison Illuminating Companies 

Association of Railway Electrical Engineers 

National Board of Fire Underwriters 


National Electric Light Association 
National Fire Protection Association 


These organizations enlisted the cooperation of several others, 
and created a comprehensive group of committees to handle the 
work. The other cooperating organizations are: 

Associated Bell Telephone Companies 

Electric Power Club 

Society of Automotive Engineers 

U. S. Dept. of Commerce 

U. S. Dept. of Navy 

U.S. Dept: of War 

The first meeting of the Sectional Committee was held on 
December 6, 1921. At this meeting, a formal plan of organiza- 
tion and procedure was adopted, officers elected, and the work 
definitely launched. 

There are twelve technical committees to which specific phases 
of the work have been assigned. Like the Sectional Committee 
itself they are organized under the representational plan; that 
is, they are made up of representatives designated by the various 
organizations concerned in the particular subject with which 
each committee deals. These committees with their chair- 
men are as follows: 


iDYsvilevkntoy teen Aewhes ret Se 0.0 Ww. A. Del Mar 
Copper Conductors.......--.++++- J. A. Capp 

SG AACR eye eas sioreko ean: wie sls isl el buvielieue H. A. Morss 
Rubber Insulation..........1.500. F. M. Farmer 
Impregnated Paper Insulation. .... D. W. Roper 
Varnished Cloth Insulation. ...... L. L. Elden 
Magnet Wire......---+---seereees R. W. Longley 
Fibrous Coverings........+-++++-+ C. B. Martin 
Metallic Coverings........-.-«+++- Ww. 1. Middleton 
Standard Make Ups..........++--+ C. A. Greenidge 
TEI OM ties, teagebobedetess ohencedsne' Wy ote seeeeeks z= Ww.sS. Clark 


Weatherproof, Heat Resisting and 
Similar Materials. «:::+:s-::: 

The officers of the Sectional Committee and other members of 
the Executive Committee are: Chairman, Ww. A. Del Mar; 
vice-chairman, E. B. Meyer; secretary, TL a WWidantulse 18 MR 
Farmer, Dean Harvey, E. B. Katte and Dana Pierce. 

The task before this Sectional Committee is one of the largest 
yet undertaken under the auspices of the American Engineering 
Standards Committee. The total number of engineers par- 
ticipating in the work is over one hundred and thirty, and the 
list includes most of the men who have achieved distinction in 
the field of wire and cable engineering. 
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INTERNATIONAL COOPERATION[IN STANDARDS 


The American Engineering Standards Committee has just 
completed arrangements by which cooperation’ with the 
standardizing bodies in other countries will be made more effec- 
tive. In doing this it has followed out the recommendations 
of the Unofficial Conference of the Secretaries of the National 
Standardizing Bodies held in London in April 1921. 

In order that all standards shall be available to the industries 
of the various countries, it is planned that each national body 
will sell the approved standards of the other bodies. The 
American Engineering Standards Committee (29 West 39th 
St., New York City) has available the publications of the 
standardizing bodies in Austria, Belgium, Canada, France, 
Germany, Great Britain, Holland, Sweden and Switzerland. 


RECENT FOREIGN ENGINEERING STANDARDS 


Following are some engineering standards of interest to elec- 
trical engineers, issued in 1921 by foreign national standardizing 
bodies, which have been received by the American Engineering 
Standards Committee: 


British Engineering Standards Association ’ 

No. 77 Electrical Pressures for New Systems and Installations 

No. 91 Electric Cable Soldering Sockets 

No. 109 Air-Break Knife Switches and Laminated Brush Switches 
for Pressures not exceeding 660 volts 

No. 110 Air-Break Circuit Breakers for Pressures not exceeding 
600 volts 

No. 133 Normal Type Vacuum Tungsten Filament Electric Lamps 

No. 139 Red Fir Wood Poles for Telegraph and Telephone Lines 


Canadian Engineering Standards Association 


No. 2 Single-Phase Distribution Transformers, Standard Require- 
ments for 
No. 3 Galvanized Telegraph and Telephone Wire 


Association Belge de Standardization (Belgium) 
No. 7 Installation of Electrical Machinery and Transformers— 
Standard Rules (cacluding traction material) 


STANDARDIZING BODIES IN JAPAN AND NORWAY 


Standardization work in Japan has recently been given a 
great impetus by the organization of the Japanese Engineering 
Standards Committee. The main function of this committee 
is to serve as a bureau for solving and initiating problems involv- 
ing engineering standardization. The committee consists of 70 
members presided over by the Minister of the Department of 
Agriculture and Commerce acting as president, and a vice- 
president, who is elected or appointed. The details of the work 
are handled by seven secretaries who are engineers of the 
government departments of Agriculture and Commerce, Com- 
munications, Railways, Military Engineers and Naval En- 
gineers. The work is being pushed with vigor, investigations 
already being under way on metals, woods, bricks, screws, 
electric wires and electric motors. 

In Norway a national standardization committee has been 
organized by the Federation of Norwegian Industries. One of 
the first projects which is being taken up by the new committee 
after the necessary work on organizational problems, is the 
standardization of ship machinery and ship details. 

There are now national standardizing bodies in the following 
fourteen countries: Austria, Belgium, Canada, Czechoslovakia, 
France, Germany, Great Britain, Holland, Italy, Japan, Norway, 
Sweden, Switzerland and the United States. 


American Engineering Council 

The Executive Board of the American Engineering Council 
will meet in Chicago, Friday, March 10th, at the headquarters 
of the Western Society of Engineers, Monadnock Block, at 
9:30 a.m. President Cooley will preside. The Michigan 
Engineers Club of Chicago, an alumni association of the Univer- 
sity of Michigan, will give a dinner the evening of March 10 at 
the City Club in honor of Dean Cooley and President Burton. 
The members of the Executive Board are to be guests of the 
Michigan Engineers Club at this dinner. 
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American Electrochemical Society 
MEETING IN BALTIMORE, APRIL 27-29 


The Spring Meeting of the American Electrochemical Society 
will be held in Baltimore, April 27-29. In one of the papers to 
be presented at the meeting Dr. Duncan MacRae of the West- 
inghouse Research Laboratory describes a new method for 
determining the pressure in a tungsten vacuum lamp. The 
principle is simple and more accurate than the approximation 
that has heretofore been made by the well-known use of the 
induction coil. Dr. MacRae measures the pressures by a 
McLeod gage. The measurements on lamps immediately after 
the process of exhaust (before ‘‘flashing’’) and after “flashing,”’ 
as well as on life-tested lamps, are given. The operation 
known as “flashing” consists in lighting the lamp during exhaust 
in the presence of phosphorus or other chemical substance. 


Second Public Conference on Commercial 
Engineering 
PITTSBURGH, MAY 1 AND 2, 1922 


The United States Commissioner of Education is ealling a 
second conference on commercial engineering, on behalf of a 
committee on commercial engineering appointed by him to 
investigate business training of engineers and engineering train- 
ing for students of business, to be held May 1.and 2 at the 
Carnegie Institute of Technology in Pittsburgh. The conference 
will be open to the public. 

Owing to the timeliness of the subject, the conference in 
Pittsburgh will even have greater national significance than the 
first public conference on the same question, which was held in 
Washington two and one-half years ago under the direction of 
this committee on commercial engineering. The committee, 


‘under the chairmanship of Dr. Glen Levin Swiggett of the Bureau 


of Education, is composed of deans of prominent schools of 
engineering and of commerce in our larger universities, and of 
engineers and business men who are nationally known for their 
interest in the reduction of the costs of production, distribution, 
transportation, etc.,. through better training in schools and 
colleges of the personnel of industry and commerce. 


Engineers Club of Hampton Roads, 
Virginia 

The Engineers Club of Hampton Roads, Virginia, has been 
organized and proposes to meet monthly at the Chamber of 
Commerce, Norfolk, Virginia. The officers are: President, 
W. A. Ludwick; first vice-president, J. C. Stephens; second 
vice-president, F. M. Weakley; secretary and _ treasurer, 
H. A. Brandt, P. O. Box 740, Portsmouth, Va. 


Sheldon Memorial Foundation 


The Sheldon Memorial Committee, organized some months 
ago under the chairmanship of T. Commerford Martin, 
to receive subseriptions toward a foundation in honor 
of the late Dr. Samuel Sheldon, Professor of Electrical Engineer- 
ing and Physies at the Polytechnic Institute of Brooklyn, has 
turned over to the treasurer of the Polytechnic Institute the sum 
of $15,018, the amount so far paid in by more than 1000 sub- 
seribers. There are still a few unpaid subscriptions and it 
is hoped that enough further pledges will be secured to raise the 
fund to at least $20,000. Although the sum raised is hardly 
sufficient to really endow a laboratory, the Corporation of the 
Polytechnic Institute has ordered that the Electrical Measure- 
ments Laboratory be known hereafter as the Samuel Sheldon 
Memorial Laboratory of Electrical Measurements, and its 
members have collected among themselves an additional $1000 
for immediate improvements and the installation of a memorial 
tablet. In this manner, the entire fund raised by the committee 
will be invested in the form of a trust and the income used per- 
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petually for the maintenance of the laboratory, which will 
thereby become one of the best laboratories of electrical measure- 
ments in the country. 

Dr. Sheldon was professor of electrical engineering and physics 
at the Polytechnic Institute of Brooklyn from 1889 until the 
time of his death in 1920, and was well-known throughout 
the country as an educator, engineer and author. During the 
year 1906 to 1907 he served as president of the A. I. E. E., and 
at all times was ready to aid in the activities of this Institute 
as well as of other engineering societies to which he belonged. 


General sentiments of esteem and admiration toward Dr. Sheldon 
have been expressed to the Memorial Committee, and the 
loyalty of several hundred former students to his memory has 


also been evinced. 


United Engineering Society 
EXTRACTS FROM TREASURER’S REPORT FOR 1921 


The report of the treasurer of United Engineering Society 
for the calendar year 1921 shows a balancing account on De- 
eember 31, 1921, of $26,484.31, as compared with a balancing 
The cash on 
Fol- 
lowing is a statement of the treasurer’s receipts and payments 


account on December 31, 1920, of $16,954.72. 
hand as of December 31, 1921, amounted to $14,219.35. 


for the year: 


: RECEIPTS 
Gash on hand January 1,°1921...........5.66.6. $15,029.02 
From Founder and Associate Societies for offices, 
storage, halls, telephone and miscellaneous.. $98,666.45 
From societies not in building for halls and mis- 
COUANEOUS Meee cto cee cities ea cots Mice wie Mater e's hoe listers 17,530.79 
For Library, General Maintenance and Opera- 
AY ROR ee eee cy Raise an Ad oa dwn wferatec’ 9 25,291.61 
Mor library Service Bureaus... ayes. sc 50 cue 16,738.16 
For Library Recataloguing... ps a ye tee 12,291.53 
Income collected on Investments and Deposits of 
10) SLRS hat aR ea Ig Ee a eee a 12,116.83 
Income collected on Engineering Foundation in- 
POREMMIL GL Ohta. ee «aster sie olele Ui c.c + Gisie sn aha ete 24,533.57 
BalOrOM SOCULEMES te 5s aie ori e sre wa SGis ie! ctohnle gieiererels 27,874.38 
From A. I. E. E. for Building Addition........ 2,500.00 237,543.32 
PAYMENTS $252,572.34 
To Engineering Foundation 
Income from Investments less Collection 
CATS OSieteecte sa ch ctsepee is Siero e316 0.24.66) 06 6 shai $24,258.31 
For Securities purchased.............082eeee- 25,400.00 
« Building Operating expemses.............. 101,370.21 
MME STEAM E  oee cercn tot ths tose loss, sos S02! Vin iehete, Pie! as8).9) 61° 27,588.43 
«  Labrary Service Bureau..........0s..2005 15,755.41 
« fibrary Recataloguing..................: 13,606.01 
CAR Semis a. IN OUGES v.56 fe siels male 01d le) « biena feat 2,500.00 
CALS. Min i. Interest, ON DOLCE. 6 6.10 562 251 206.20 
Collection, custodial and Adv. charges and ex- 
LATA OS ete ter oro Cosco m eeeceralr © lelielo iso 9's 650.83 
For Engineering Council...........-+--+++++: 14,500.00 
« Engineering Soc. Service Bureau.......... 406.74 
“ Permanent Improvement charged to capital 1,786.36 
* Renewals in steam system charged to Depre- 
ciation and Renewal Fund..............-> 9,395.91 
For American Delegation Dinner.............- 805.10 
a ATiscellanGOus. 2... Gd. 0 oc see ees oe leis eee 123.48 
GEPATICR COUR << ro ccts et) siete #04) ederese sieie $238.352.99 
Cash on hand December 31, 1921.......------ 14,219.35 
$252.572.34 


The assets and liabilities as of December 31, 1921, were as 
follows: 


ASSETS 
(IPropentiymerciileleee iid pk asserts ata $1,959, 140.67 
TDS no oe Oe One cee ROT PD $540,000.00 
snows, Oe eo shee poe Soeooon oC 1,361,969.51 
BHauipment......-- 20+ +. se sees - 3 f Nee 


Founders’ Preliminary Expenses.......-- 


Investments Foundation.......-.-++++++> 502,066.05 


EA DTATY «scien ae att ieers bus sleivne 93,351.25 
Depreciation and Renewal.... 98,639.47 
10,000.00 


General Funds...........---. 
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Oashitae ane iuars ucieetsieeshnee bakes 10,477.25 
Bpeciali@ashel nds. ae erates 50.00 
Due from Cleveland Trust Co............ 99.16 
Cost of renewals paid from Operating Cash 
to be reimbursed from Depreciation and 
Renewal Fund Assets................ 1,698.47 
Accounts Receivables... ..0n. sso vide we 8,835.98 
Accrued interest receivable on Library En- 
dowment Investments.............:. 1,246.14 22,407.00 
Deferred charges, prepaid insurance....... 4,230.31 


$2,689,834.75 
LIABILITIES 
Mound ensEe cUitiy iM Propertivn man dasiie mesa netniekniiacte tes 


: i $1,959,140.67 
Engineering Foundation Reserve 


camer yore lela ana Te gshepeeee ee 502,066.25 
Library hndowmoene eservenc: atime mee eben ae 93,351.25 
Depreciation and Renewal Reserve................2..+-+ 98,639.47 
General Reserve aie ae. byinteaties 4G oir 8A nee here es 10,000.00 
Collection on account Osterberg Fund.................+- 91.50 
Income from Engineering Foundation Investments collected 
and to be paid to Engineering Foundation Board....... 58.60 
Deferred credit—unexpended balance in American Delega- 
Hon DinnertAccountin staan 5s coterie aera 52.90 
BalancesDecember31 102i ccna ete eet ceeaee el aoeicioes 26,434.31 


$2,689,834.75 


Engineering Foundation 
NEW PUBLICATION TO BE ISSUED 
Engineering Foundation has on the press a report of its seventh 
year of activities in research connected with various branches 
of engineering. The book will contain also an abridged report 
of the extensive investigation of the fatigue phenomena of 
metals, made possible by a large contribution from the Founda- 
tion. This investigation was conducted at the Engineering 
Experiment Station of the University of Illinois. In this 
publication the Foundation Board gives its supporting societies 
information about work done and projects under consideration. 
Members desiring to obtain a copy of this report when issued 
should write promptly to the office of Engineering Foundation, 
in Engineering Societies Building, 29 West 39th Street, New 
York. 


SEVENTH ANNUAL BOARD MEETING 

The seventh annual meeting of Engineering Foundation Board 
was held in the Engineering Societies Building, New York, on 
February 9, 1922. There were present Charles F. Rand, chair- 
man, Edward Dean Adams, John H. Barr, George M. Basford, 
J. Vipond Davies, Bancroft Gherardi, W. F. M. Goss, D. S. 
Jacobus, F. B. Jewett, Edwin Ludlow, George H. Pegram, H. 
Hobart Porter, Arthur L. Walker; Joseph Struthers, treasurer; 
Alfred D. Flinn, secretary; C. B. LePage, representing Calvin 
W. Rice, secretary, A. S. M. E. Regrets were received from 
Ambrose Swasey, I. E. Moultrop, Robert M. Raymond, E. 
Wilbur Rice, Jr., Elmer A. Sperry, H. M. Boylston and S. He 
Woodard. 

The chairman read the annual report, and announced that a 
fuller report had been prepared for publication, together with 
an abridged report on the Fatigue of Metals research (see notice 
above). Then followed reports by representatives of the Found- 
ation on other organizations and reports of committees on 
research work. General progress was indicated. Results of the 
investigations are published by the Foundation at various times, 
and notices of them will appear in the JoURNAL. 

A suggestion for a department to encourage research and 
invention was presented in the form of a communication dated 
February 6, from Dr. Byron E. Eldred. This had previously 
been mailed to members of the Board. The proposal is sum- 
marized as follows: 

1. Establish a department for assisting inventors by, 

a. Giving information, advice and financial assistance; 

6. Examining suggestions and inventions offered ; 

c. Developing ideas believed to be of value; 

d. Securing patents for, and commercializing, inventions which 
have passed thorough examination. 
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2. Engage as director of the proposed department, an engineer experi- 
enced in development of inventions and in patent practise. 

3. Provide a small technical and clerical staff for the director. 

4, Create a board of review, of engineers, scientists and patent attorneys 
of eminent standing. 

5. Create a board on commercialization of inventions, to be composed of 
business men, industrialists and bankers. 

6. Make this service known, and stimulate research and invention, 
by lectures of the director before public bodies and college classes, 
and by personal contacts with men of affairs. 

7. Obtain a large endowment fund, the income of which would support 
the work and which would be increased by participation in the 
emoluments of successful inventions. 

A committee consisting of Bancroft Gherardi, chairman, 
H. Hobart Porter, Edward Dean Adams, and John H. Barr 
was appointed to examine and report upon the suggestion. 

The following officers for the year ending at the annual meet- 
ing in 1923 were elected as recommended by the Nominating 
Committee: chairman, Charles F. Rand; first vice-chairman, 
Edward Dean Adams; second vice-chairman, F. B. Jewett; 
treasurer, Joseph Struthers; assistant treasurer, Henry A, 
Lardner; secretary, Alfred D. Flinn; assistant secretary, by 
reciprocal arrangement, the permanent secretary of National 
Research Council, Vernon Kellogg; additional members of the 
Executive Committee, George H. Pegram and H. Hobart Porter. 

The Board then adjourned to Thursday, May 11, 1922. 
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PERSONAL MENTION 


ETN 


W. G. Vincent, Jr., of the Pacific Gas & Electric Company, 
San Francisco, has been elected a vice-president of that company. 
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Joun M. Narrn has started into business for himself under the 
name of Superior Electrical Company, Jersey City, N. J. 


R. W. Snormaxer has become connected with The Turlock 
Irrigation District, Turlock, Cal., as electrical engineer. 


Francis H. Acuarp has resigned his position with The Angus 
Company, Ltd., Calcutta, India, and is returning to this country. 
His home is in Brookline, Mass. 


Francis M. Harrmann, professor of electrical and mechanical 
engineering, Cooper Union, New York City, has been elected 
first dean of the Day Technical School of Cooper Union. Prof. 
Hartmann is a Fellow of the Institute. 


Kenpatt Buck has left the Puget Sound Power & Light 
Company at Dieringer, Wash., and will establish an electrical 
department in two stores of the Standard Paint Products Com- 
pany in Los Angeles. 


Cuinton W. Hovaun, who returned to this country last summer 
from London, where he was director with J. G. White & Com- 
pany Ltd., is at present locted with The North American Com- 
pany, New York City. 


Guo. T. Souruaars, formerly research engineer with the 
American Cyanamid Company, Brewster, Fla., is now located 
with the Bureau of Soils, Department of Agriculture, Washington, 
DAC; 


Mitton Oxprrer, until recently with the Raritan Copper 
Works, Perth Amboy, N. J. has accepted the position of fore- 
man of the motor department of the National Electric Company, 
Passaic, N. J. 


Henry R. Stevens will be located for some time in Nagoya, 
Japan, with the Daido Electric Power Company. He will act 
as construction engineer representing Thebo, Starr and Anderton, 
consulting engineers of San Francisco. 


D. W. BuaKkestes, of the Jones & Laughlin Steel Company, 
Pittsburgh, is on leave of absence from that company and is 
teaching electrical engineering in Yale University during the 
school year. 
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E. B. Merriam, of the General Electric Company, has been 
appointed executive engineer of the switchboard department, | 
to direct and coordinate the engineering activities of this de- 
partment at Schenectady, Philadelphia, and Baltimore. 


Ray H. Anaove has become publicity director of The Wis- 
consin Telephone Company, Milwaukee. He was formerly 
in the advertising department of the Cutler-Hammer Manu- 
facturing Company. 


J. J. Tuomason, for the past three. years assistant engineer 
of the Southwestern Gas and Electric Company of Texarkana, 
Ark.-Tex., is now located with Fuller and Beard, consulting 
engineers of St. Louis. 


Ivar Herurrz, fellow of the American Seandinavian Founda- 
tion, formerly with the Southern Sierras Power Company, 
Riverside, Cal., is studying high-voltage transmission problems 
in California on a research scholarship from the Swedish Academy 
of Engineering Science. 


Pau L. Barrry has announced the opening of a consulting 
engineering office at 123 West Madison Street, Chicago. Mr 
Battey was formerly vice-president of the Arnold Company, 
Chicago, and for many years chief engineer in charge of all 
industrial operation. Recently he has acted as consulting 
engineer for the Willys Corporation, Elizabeth, N. J. 


Waurer D’Arcy Ryan of the General Electric Company, 
Schenectady, and well-known for his illuminating design and 
installation in connection with the Panama-Pacific Exposition, 
returned to this country from Rio de Janeiro on January 24th. 
Mr. Ryan had been in Rio to plan and design the complete 
illuminating features of the Brazilian Exposition which opens 
in Rio on September 7th. 


Prerer JUNKERSFELD of the newly organized firm of McClellan 
and Junkersfeld and until recently engineering manager for 
Stone & Webster, Boston, was from 1895 to 1919 associated 
with the Chicago Edison Company and its successor the 
Commonwealth Edison Company, of which he became assist- 
ant vice-president, supervising contracting, engineering, con- 
struction and operation work. In June 1917 Mr. Junkersfeld 
entered the U. S. Army and was successively, Major, Lieut. 
Colonel and Colonel. 


Wn. McCtetuan, President of the Institute, has announced 
the incorporation of the firm of McClellan and Junkersfeld, with 
temporary offices at 141 Broadway, New York City. The work 
of the new organization will be on power plants, transmission 
systems, water powers, electrification of railroads and general 
industrial and utility engineering and construction. Dr. 
McClellan’s early experience was with the Philadelphia Rapid 
Transit Co. For several years he was with Westinghouse, 
Church, Kerr & Co., participating in the Pennsylvania Terminal 
electrification. Later he was electrical engineer of the Second 
District Public Service Commission of New York. For eight 
years he was with the Cleveland Electric Illuminating Company, 
two years as its vice-president. 


N. A. Carte, formerly chief engineer of the Public Service 
Electric Company, Newark, N. J., has just become vice-presi- 
dent and general manager of the Public Service Production 
Company, engineers and constructors, with offices at 80 Park 
Place, Newark. This company is a newly incorporated subsidi- 
ary of the Public Service Corporation of N. J. and will engage in 
designing, construction and maintenance of all kinds of public 
utilities and industrial plants, electrification of steam railroad 
properties, repair of equipment, reorganization of utility or 
industrial plants, paving of roads, efficiency tests and reports, 
valuation studies and financing. E. B. Mnyer,formerly assist- 
ant chief engineer of the Public Service Electric Company, has 
been appointed chief engineer of the Public Service Production 
Company. 
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Engineering Societies Library 
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The library is a cooperative activity of ‘the American Institute of Electrical Engi ae be sas 
Civil Engineers, the American Institute of Mining and Metallurgical , cat Hingineers, the American Society of 


cal Engineers. 
library of engineering and the allied sciences. 


ninth St., New York. 

In order to place the resources of the Librar 
prepared to furnish lists of references to engineer 
Charges sufficient to cover the cost of this work are made. 


The Director of the Library wili gladly give information concernin 
those interested. In asking for information, letters should be made as d 


understand clearly what is desired. 
The library is open from 9 a. m. to 1 
July and August when the hours are 9 a. m. to 6 p. m. 


EXTRACTS FROM ANNUAL REPORT FOR 1921 


While the achievements in connection with the Engineering 
Societies Library during the year 1921 have not been spectacular 
they have been substantial and important. The collection 
has increased in size, the revision of the catalog has been 
prosecuted with vigor, and large numbers of volumes that were 
practically inaccessible have been arranged so that they ean be 
used. Much work has been done in improving the shelf arrange- 
ment so that readers may work easily. The service to members 
has, it is believed, been better in quality than ever before. 

Estimates of the library collection on December 31, 1921, 
show the following figures: 


ee een tee ate ene eNO MEE SE Sc tava a SKS 2 che cigs Ee ee 118,980 
IRaRID OOS sine te cite ore se RSE NG tye eee ee Mee Re eee 34,091 
NAD GEAR OME LABS RE een et, Ae So es Sea emit Oe eee bs 555 
INEAMMSCE DE ESTO SrA IGS a1 erie eyoncis: os sisi fa dvatcre c¥als alatis ic sie ns 3,904 

ROUEN | = on ce bi SOAS BRE ORO cI OIS enna te ee mene 157,530 


The income and expenses of the Library during 1921 were as 
follows: 
Genera! Operation 
IncoME, 1921 


Founder Societies, Regular Appropriation.................. $22,000.02 
Founder Societies, Special Appropriation................... 3,750.00 
a CLO WIT OTd tr ITI ER COMIC seers 2605-5, op loplev'avvotierianis, Disyene ais yercllvia eteuiete 4,914.70 
EA Ot UIT ETI COME: ee acy A wre Bangs Sere Sheps syne wyeiwlwie eee! 4 467.61 
$31,132.33 
EXPENSES 1921 
SHYBNGISTIR 7 3 Bas crciditho 020.6 ee OCR Ree eRe oi eee $18,638.16 
Books and Binding..........--.----+-++++2.+5: 6,859.94 
SREVOTOUEE Shee a cale a Gaeta SNC CREE ORC eR acorn 2,177.84 
HDC IDTF OL Da Mier iss ais ais = <2 fae Se open Ole 350.10 
$28,026.04 
Restoration of Petty Cashe.. ..2..600 2 2 = neues 25.00 $28,001.04 
Operating Surplus; Dec, 3l, 1920 V0. ii.se.e. ees eee se ee ene 
Operating Deficit, Dec. 31, 1920...........2.-..--. +520: 3,191.9 
WeiCinDecesieeloot(adve DY Usb. S)iccmretet ae scenes oe 60.63 
Recataleging 
INcoME, 1921 
gmc ‘a 
Founder Societies Appropriations............-+.--++2+.++5: $ eee 
Carnegie Corporation Appropriations..........--..+.+---- ‘ x 
$12,449.86 
EXPENSES, 1921 
ipl GOMER ren elena aclele heise ees 2S tskh ec oes $13,606.01 
Operating Deficit Dec. 31, OO Nas ae RRA a Sense etal We te ng ee aaeie 
@perating Deficit, Dec. 31,1920). 52. hae eee = POU 
Total Deficit (Adv. by U. E. §.).........65- esse eees $ 3,056.64 
Service ERureau 
REVENUE, 1921 ee 
Surplus Jams 1; 1921.26.62 eee ee ee ee = sae 
i LESS dt aes tS Pee eo, Bana eran air . : 
Total Billed (Search Dept.) Boece 


Total Billed (Photoprint Dept.)..........-.+++e esse reece 


$15,254.81 


It is administered for these Founder Societies by the United E 


Enginers and the American Society of Mechani- 
ngineering Society, as a public reference 


2 It contains 150,000 volumes and pamphlets and } t 
most of the important periodicals in its field. It is housed in the Engin saite Building 66, Werk, ThA 


eering Societies Building, 29 West Thirty- 


‘y at the disposal of those unable to visit it in person, the Library is 
ing subjects, copies or translations of articles, and similar assistance. 


g charges for the various kinds of service to 
efinite as possible, so that the investigator may 


O p. m. on all week days except holidays throughout the year except durina 


EXpeENsEs, 1921 

$ 8,836.22 
3,567.16 
1,397.50 
1,954.53 


$15,755.41 
25.00 $15,730.41 
475.60 
470.58 


Seon. ghee tag eget tole trou Beare $ 946.18 


The attendance during the year reached a total of 26,840 
of which total 3894 represented evening attendance. There 
were made 332 searches in all branches of engineering, and the 
translations amounted to 289,000 words. 

The following table compares the income and expenditures 
of the last two years: 


1920 1921 
Income Expenses Income Expenses 
General Mainte- ; 
Nance. eer ae $25,922.87 $29,114.79 $31,132.32 $31,192.92 
Recataloging...... 11,472.01 13,422.50 12,499.86 15,556.50 
Service Bureau.... 21,908.76 22,086.88 15,254.81 16,676.59 


BOOK NOTICES (JAN. 1-31, 1922) 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statements made; these are taken from the 
preface or the text of the book. : ' ; 

All the books listed may be consulted in the Engineering 
Societies Library. 


Turory OF THE INDUCTION COIL. 


By E. Taylor-Jones. Lond. and N. Y., Sir Isaac Pitman & 
Sons, Ltd., 1921." 217 pp., illus., 8x 5in., cloth. $3.50. 

Until recently there has been much divergence of view as to 
the manner in which the high potential is generated at the 
secondary terminals of an induction coil when the primary cur- 
rent is interrupted, and it cannot be said even now that opinion 
on the subject is quite undivided. In this book an account is 
given of a theory of the action of induction coils first put forward 
by the author in 1909. The theory was originally intended to 
apply only to the case of an air-core induction coil having a 
condenser connected with its secondary terminals. Subsequent 
investigations have shown that it is also applicable to an ordinary 
induction coil. 


ProvrectivE RELAYS. 

By Victor H. Todd. First edition. N. Y. and Lond. 
McGraw-Hill Book Co., Inc., 1922. 274 pp., illus., diagrs., 
8x6 in., cloth. $2.50. 

This book attempts to cover the subject from first principles 
to the protection of high-tension networks, in a manner suited 
to the needs of operators and testers with a fair knowledge of 
electricity, and also of designers. 
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Hanpsucu DER DRAHTLOSEN TELEGRAPHIE UND 'TELEPHONIE. 

By Eugen Nesper. Berlin, Julius Springer, 1921. 2 vol., 
illus., diagrs., 10 x 7 in., cloth. 

Dr. Nesper’s book on radio communication attempts an 
exhaustive survey of the subject from a modern point. of view 
and from every aspect. It is apparently more extensive than 
any previous work on the subject. It has been planned for 
easy reference, the material having been so arranged that each 
chapter is a complete account of a certain topic, so that reference 
to other chapters, or systematic reading of the whole work, can 
be avoided. 

The theory of radio communication, its history, uses, the 
measuring and detecting instruments, the physical phenomena 
in quasi-stationary circuits, coupling, damping, radiating, the 
technique and apparatus of high-frequency measurements are 
described in volume one. Volume two describes typica radio 
stations for different purposes and their apparatus, the uses of 
radio communication in railroading and radio telephony. It 
also includes a valuable bibliography of the important books and 
articles. Good indexes are provided. 


HYDRAULICS AND ITS APPLICATIONS. 

By A. H. Gibson. 
D. Van Nostrand Co., 1921. 
cloth. $6.00. 

This book opens with a description of the physical properties 
of water, followed by a brief treatment of the fundamentals of 
hydrostatics. The science of hydraulics is then presented, first 
theoretically and then with regard to its application to the 
design of hydraulic machinery. The work is written primarily 
for students, but the author hopes it may also prove of value to 
those actively engaged in the practise of hydraulic engineering. 

This edition has been practically rewritten, with considerable 
additions and much rearrangement of the material. 


813 pp., illus., diagrs., 9x 6 in., 


Diz WaASSERVERSORGUNG DER STADTE. 

By O. Smreker. Funfte auflage. Leipzig, Wilhelm Engel- 
mann, 1914. (Handbuch der Ingenieurwissenschaften. Teil 3. 
Der Wasserbau, Bd. 3). 522 pp., illus., diagrs., tables, 10 x7 
in., cloth. 57 Mk. 

_ This work forms the third of the twelve volumes upon hydrau- 

lic engineering which constitute the third section of the Hand- 
buch der Ingenieurwissenschaften, and is concerned with 
municipal water supplies. The present edition has _ been 
thoroughly revised, both with respect to arrangement and con- 
tents. 

The arrangement follows the course of operations used in 
securing a water supply, discussing first the preliminary studies 
of the amount, quality and occurrence of the available sources, 
then the design of the plant in general. Succeeding chapters 
discuss the winning and purification of water, pumping and 
conveying, and the operation of water-works. Attention is 
directed toward general principles, rather than to the details of 
specific installations. 


‘Snort Courses IN THE TrstinG oF ELectricaL MacHINERY. 

By J. H. Morecroft and F. W. Hehre. Fourth edition, revised 
and enlarged. N. Y., Van Nostrand Co., 1921. 220 pp., 
diagrs., 9x6 in., cloth. $3.00. 


All students of engineering at Columbia University are 
required to take courses in testing direct and alternating-current 
machinery. These notes are prepared to meet the needs of 
students in mining, mechanical and civil engineering, who have 
not studied the theory of electrical machinery, and hence need 
a brief summary of it as preparation for the laboratory work. 

Besides giving specific directions for the tests, a brief analysis 
of the characteristics of the machines is given. The new edition 
includes new material on batteries, illumination, measurement 
of electrical energy and other subjects of interest to engineers 
generally. 


Atomic THEORIES. 
By EY. Ho Lorine. N. ¥., H. Po Dutton and) Co:, 1921. 
pp., illus., 9x6 in., cloth. $5.00. 


The leading facts and theories relating to the atom, particu- 
larly those which, owing to their newness, have not yet been 
treated at any length in text-books, are brought together in one 
volume for the convenience of students and investigators. The 
book covers a wide range of subjects. These include the 
quantum theory, Sir J. J. Thomson’s recent views of mass, 
matter and radiation, the Bohr theory, the octet theory, isotopes, 
the Brownian movement, ionisation, potentials, solar phenomena 
and other subjects. References are given throughout, which 
enable the reader to follow any subject of special interest. 


218 


New edition, revised and enlarged. N. Y. 


Journal A. I. E. E. 


La Mariere er L’Enerais SELON LA THEORIE DE LA 
RELATIVITE BT LA THEORIB DES QUANTA. 

By Louis Rougier. Nouvelle édition, revue et augmentee. 

Paris, Gauthier-Villars et Cie, 1921. 112 pp., 10x7 in., paper. 


9.50 fr. 

This book calls attention to the most paradoxical and least 
discussed consequence of the principle of relativity, that which 
attributes mass, weight and structure to energy. What we 
call matter thus becomes only a particular case of energy. The 
old duality of ponderable and imponde.able makes way for 
that of the electro-magnetic field of energy, of which radiation 
and matter are simple modalities, and of the field of gravitation 
or space as defined by Einstein. Professor Rougier presents » 
these theories in this work. 

Puysiqur ELEMENTAIRE ET THEORIES MODERNES. 

By J. Villey. Pt.1. Molécules et atomes. Paris, Gauthier- 


Villars et Cie, 1921. 197 pp.,10x6in., paper. 15 fr. 

The author has prepared a work, less scholastic than usual 
text-books and more suited for reading, in which the essential 
phenomena of physics are set forth and explained by the most 
modern theories. Attention is especially directed to those 
phenomena which have received industrial application. | 

The work is intended for the general public desirous of infor- 
mation about the fundamentals of physics and modern theories, 
as well as for use as a text-book. 


DescriPrivE GEOMETRY. 

By George Young and H. E. Baxter. N. Y., The Macmillan 
Co., 1921. 310 pp., diagrs., 8x 5 in., cloth. $3.25. 

Believing that the chief value of descriptive geometry lies in 
its imaginative quality, these authors present it so as to develop 
the imagination; and therefore they encourage intuitive rather 
than rigidly formal methods. The treatment has been kept 
purely abstract, in order to avoid the tendency of the subject 
to degenerate into practical rules and formulas; but introductory 
matter showing the relation of the principles under discussion 
to structural work is provided, and exercises to show the applica- 
tion of the abstract ideas to concrete, practical problems are 
included. 

INDUSTRIAL FATIGUE AND EFFICIENCY. 

By H. M. Vernon. Lond., George Routledge & Sons, Ltd.; 
N. Y., E. P. Dutton & Co., 1921. 264 pp., tables, 9x6 in., 
eloth. $5.00. 

The author, who is an investigator for the Industrial Fatigue 
Research Board of Great Britain, presents a fairly complete 
account of our present knowledge concerning industrial fatigue 
and its influence on efficiency. The information adduced 
relates only to shop practise, as laboratory investigations have 
not, in the author’s opinion, afforded much evidence of practical 
value. 


Esspentiats oF INDUSTRIAL COSTING. 

By George 8S. Armstrong. N. Y., D. Appleton and Co., 1921. 
297 pp., tables, forms, 9x6 in., cloth. $5.00. 

Contents: Economic development and necessity of costing.— 
The purpose and function of costing—The mechanism of 
costing.—Hlements of costing and sources of costing data.— 
The costing of material.—The costing of labor.—The collection 
of expense in costing.—The costing of depreciation, interest, 
and power.—The distribution and application of expense in 
costing.—Final costing.—The connection of costing with the 
general books and the preparation of monthly statements 
therefrom. 

As indicated by the contents, this book is concerned solely 
with the principles and methods by which the cost of production 
may be determined. It is based upon an extended experience 
in many different industries and represents the author’s mature 
views. The book shows the purpose of costing, summarizes 
good practise and is a guide to the analysis necessary for the 
establishment of costing systems. 


ConsTrRuUCTION, Cost KrEring AND MANAGEMENT. 

By Halbert Powers Gillette and Richard T. Dana. First 
dition. N. Y. and Lond. McGraw-Hill Book Co., Ine., 1922. 
572 pp. forms 8x 5in., cloth. $5.00. 

This book has been prepared in response to requests for a 
second edition of ““Cost Keeping and Management Engineering.” 
It contains nearly all the original material, supplemented by that 
developed in the last twelve years. It is intended to assist in 
reducing construction costs to the minimum, by explaining the 
rules of management and setting forth suitable methods of cost 
keeping, adapted to engineering construction. 
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SECTION MEETINGS : 

Atlanta.—January 26, 1922, Chamber of Commerce Building. 
Subject: “The Manufacture of Wire and Cable.” Speaker: 
Mr. F. T. White, of the Okonite Company, Passaic, N. J. The 
talk was illustrated by an interesting moving picture film of 
five reels. Attendance 50. 

Baltimore.—January 20, 1922, Johns Hopkins University. 
Subject: “The Determination of the Physical Characteristics 
of Steel by Magnetic Analysis.” Speaker: Prof. W. B. Kouwen- 
hoven, of Johns Hopkins University. Mr. J. H. Davis, of the 
B. & O. Railroad, told of the work which he had done in attempt- 
ing to control the tempering of the flat leaves of locomotive springs 
by a magnetic test. Messrs. E. D. Edmonston and Douglass 
Burnett of the Consolidated Gas, Electrie Light & Power 
Company, also contributed to the discussion ‘of Professor Kou- 
wenhoven’s paper. Refreshments were served. Attendance 60. 

Boston.—January 24, 1922, Boston: City Club. . Subject: 
“Great Lakes, St. Lawrence Tide Water Project.’’ Speaker: 
Mr. Henry deB. Parsons. Mr. Parsons considered chiefly the 
hydroelectric and civil engineering phases, after which Mr. W. 
L. Saunders, President of the Ingersoll-Rand Company, spoke on 
the commercial and transportation features. Attendance 200. 

Chicago.—January 31, 1922, Fullerton Hall. Chicago Art 
Institute. Joint meeting with the Western Society of Engineers. 
Subject: ‘‘Radio Telephony and Telegraphy.’’ Captain Ralph 
Brown, of the American Tel. & Tel. Company, gave a clear and 
interesting lecture on “Radio Telephony,” illustrated by lantern 
slides. Mr. R. H. G. Mathews, Director of the Chicago Radio 
Laboratory, gave a practical demonstration of Radio Telephony 
and Telegraphy explaining the operations as he proceeded and 
reproducing the regular service from the Westinghouse Radio- 
phone Studio. Attendance 500. 

Cincinnati.—February 9, 1922, University of Cincinnati. 
Subject: ‘‘Combustion.’”’ Speaker: Mr. F. H. Daniels, of the 
Sanford Riley Stoker Company. A series of moving pictures 
was shown giving a very clear idea of what goes on inside of a 
furnace. These pictures were preceded by a number of lantern 
slides and explanations of just how these pictures were obtained, 
andthe difficulties in taking them. Attendance 100. 

Cleveland.—December 20, 1921, Electrical League Rooms. 
Joint meeting with Cleveland Radio Association. The Cleveland 
Radio Association provided an excellent radio entertainment. 
Radio Station 8-A C S broadeasted phonograph vocal and band 
music. Band musie was furnished by Nela Park Band. Pre- 
ceding the radio concert Mr. Poad of the Cleveland Radio Asso- 
ciation addressed the meeting from the broadeasting station by 
radiophone. At the conclusion of the musical program the 
Chairman thanked the Cleveland Radio Association and the 
talent who furnished the music. These remarks were addressed 
to broadcasting station 8-A C S by means of a small radio 
telephone transmitter which was set up at the meeting. Mr. 
Hurd of Nela Park, who operated the receiving station at the 
meeting, briefly described the operation of the equipment. 
Attendance 135. 

Connecticut.—January 13, 1922, Yale University, New Haven, 
Conn. Subject: ‘Radio Telephony.” Speaker: Mr. Ralph 
Bown, of the American Tel. & Tel. Company, New York. The 
lecture covered the fundamental physical principles on which 
radio communication, especially telephony, rests and described 
the apparatus used in speed transmission. After the lecture 
the audience listened to vocal and piano selections sent out from 
the radio station of the F. M. Doolittle Company on Chapel 
Street. Attendance 175. wan 

Denver.—January 14, 1922, Denver Tramway Auditorium. 
Subject: ‘‘The Human Voice and Its Electrical Transmission. 
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Speaker: Mr. John Mills, of the Personnel Division of the Engi- 
neering Department of the Western Electric Company, New 
York. The talk was illustrated by motion pictures, lantern 
slides and experiments. Attendance 300. 

Fort Wayne.—January 19, 1922, Home Telephone & Tele- 
graph Company. Subject: “The Heart Throbs of a City.” 
Speaker: Mr. E. L. Gaines, Traffic Manager, Home Telephone 
& Telegraph Company. After the talk the members were taken 
through the exchange in small groups and the details of opera- 
tion explained. A light lunch was served by the Telephone 
Company. Attendance 50. 

Indianapolis-Lafayette.—December 15, 1921. Subject: 
“General Theory, Performance and Characteristics of Induction 
Motors.” Speaker: Mr. W. A. Black, Chief Engineer, Indian- 
apolis Works of the Fairbanks-Morse Electrical Mfg. Company. 
Attendance 75. ; 

January 19, 1922. Subject: “The Automobile Storage Bat- 
tery; Its Theory and Operating Characteristies.”’ Speaker: Mr. 
Harvey Mitchell Anthony, of Muncie, Ind: The lecture was 
demonstrated by many lantern slides which covered the con- 
struction of the modern storage cell, the manufacture, the factors 
determining its efficiency, capacity and maintenance. Attend- 
ance 72. 

Lynn.—January 18, 1922. Subject: ‘The Use of Electri- 
cally Driven Appliances in Bone Surgery.’”’ Speaker: Dr. Fred 
H. Albee of New York. The lecture was illustrated by approxi- 
mately fifty lantern slides and two reels of motion pictures. 
Attendance 200. , 

February 1, 1922, Lynn Classical High School Hall. Ladies’ 
Night. Subject: “Natural Color Photography,” (illustrated by 
lantern slides). Speaker: Professor Louis Derr of the Massa- 
chusetts Institute of Technology. Attendance 450. 

February 8, 1922. G.H. Hall. Subject: “The Manufacture 
of Commercially Pure Iron and Special Steel Sheets.” Speaker: 
Mr. T. W. Jenkins, of the American Rolling Mills Company, 
Middletown, Ohio. The lecture was illustrated by motion 
pictures. Attendance 250. : 

Minnesota.—January 26, 1922, Curtis Hotel, Minneapolis. 
Dinner Dance under the auspices of the Minnesota Section of 
the A. I. E. E. and the St. Paul and Minneapolis Sections of 
the A. 8S. M. E. Program: Toastmaster, Charles L. Pillsbury; 
“The American Institute,” by Professor W. T. Ryan; “The 
American Society,” by Hans J. Meyer; ‘Some Experiences 
Abroad,” by Max Toltz. Attendance 103. 

Panama.—January 22, 1922. Inspection trip through the 
Pacific Fortifications, conducted by Colonel Pullen, Engineer 
Corps, and Major L. H. Sanford, Engineer Corps. Attendance 
69. 

Philadelphia.—January 9, 1922, The Engineers Club, Phila- 
delphia. Subject: “The Philadelphia-Pittsburgh Section of 
the Philadelphia-Chicago Cable.” Speaker: Mr. J. J. Pilliod, 
of the American Telephone & Telegraph Company, New York. 
Preceding the meeting fifty-eight members and guests partici- 
pated in a complimentary dinner to Mr. Pilliod. Attendance at 
meeting 214. 

January 17, 1922, Bellevue-Stratford Hotel. Meeting under 
auspices of the Engineers Club of Philadelphia, and Philadelphia 
Sections of the A. I. E. E., A. S.C E., and A. S. M.E. Subjects: 
‘“Pinancing of Large Engineering Projects,” by Mr. Philip Cabot, 
of Boston; ‘Engineering in Civilization,” by Mr. John E. Zim- 
merman, of Philadelphia; ‘‘Engineering and Finance—An Op- 
portunity for Close Cooperation,” by Mr. Willis H. Booth, of 
New York; ‘‘American Finance,” by Mr. George E. Roberts, of 
New York. Attendance 360. 
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Pittsburgh.—January 10, 1922, Chamber of Commerce Audi- 
torium. Subject: “Flashing of Synchronous Converters.” 
Speaker: Mr. E. B. Shand, of the Westinghouse Elec. & Mfg. 
Company. After the meeting the members were invited to 
remain for a social get-together. Messrs. J. W. McKelvie, 
baritone, and A. T. Weiblinger, pianist furnished a number of 
fine selections and led the crowd in singing. Attendance 235. 

Pittsfield. January 12, 1922, G. HE. Auditorium. Subject: 
“Relativity.” Speaker: Dr. C. P. Steinmetz.. Third of a series 
of lectures by Dr. Steinmetz on this subject. Attendance 150. 

January 19, 1922, G. E. Aud torium. Subject: ‘The Manu- 
facture and Use of Die-Castings.’”’ Speaker: Mr. Charles 
Pack of the Doehler Die-Casting Company. Attendance 300. 

February 4, 1922, Masonie Temple. Subject: “The Romance 
of Human Civilization’ (illustrated with lantern _ slides). 
Speaker: Mr. B. R. Baumgardt. The lecture was preceded by 
a coneert given by the Kilowatt Orchestra. Attendance 750. 

Portland.—January 10, 1922, Benson Hotel. Subject: ‘A 
Geological Outline of Oregon, with Particular Reference to the 
Columbia River Gorge and Adjacent Region.’’ Speaker: Mr. 
Ira A. Williams, Geologist, Oregon State Bureau of Mines. 
' After the meeting an informal dance was enjoyed by all, and 
refreshments were served. Attendance 150. 

February 2, 1922, University Club. Subject: “The Human 
‘Voice and Its Electrical Transmission.’’ Speaker: Mr. John 
Mills of the Western Electric Company, N. Y. The lecture 
was accompanied by stereopticon and motion picture illus- 
trations. Refreshments were served. Attendance 190. 

Providence.—February 3, 1922, Providence Engineering So- 
ciety Rooms. Subject: ‘Radio Telephony.” Speaker: Mr. W. 
R. G. Baker, of the Radio Engineering Department of the General 
Electric Company. Before and after the lecture a demonstra- 
tion of radio telephony was given, music and voice being re- 
ceived from the transmitting station at Brown University. A 
loud speaker was used as part of the receiving apparatus, thus 
making it possible for all those present to hear this practical 
demonstration. Attendarce 145. 

Rochester.—January 27, 1922, Chamber of Commerce. 
Joint meeting with Rochester Chamber of Commeree and Ro- 


chester Engineering Society. Subject: ‘The Superpower 
Survey.” Speaker: Mr. W.S. Murray of New York. Attend- 
ance 200. 


St. Louis.—January 25, 1922, Engineers Club. Subject: 
“Telephoning from Cuba to the Catalina Islands.’”’ Speaker: 
Mr. H. S. Osborne, of the American Telephone and Telegraph 
Company. Mr. Osborne went into details regarding the con- 
struction of the various links connecting Cuba and the Catalina 
Islands and dwelt in particular on certain phases which were of 
great interest to those in attendance. Attendance 65. 

San Francisco.—January 20, 1922, Engineers Club. 
ject: “Vacuum Tubes.’’ Speaker: Dr. David L. Webster, of 
Stanford University. Dr. Webster had brought with him a num- 
ber of tubes and devices with which he showed the evolution of 
vacuum tubes, and also some interesting experiments. Attend- 
ance 131. 

Schenectady.—January 6, 1922, Edison Club Hall. Mr. 
David B. Rushmore presented a paper entitled ‘‘Energy,’’ which 
was read by title only. Mr. Saul Dushman spoke on the ‘“‘Strue- 
ture of the Atom.’ Attendance 250. 

January 20, 1922, Edison Club Hall. Subject: ‘“U. S. Army 
Engineers and Industrial and Power Development.” Speaker: 
Colonel J. Franklin Bell, U. S. A., Corps of Engineers, Pittsburgh, 
Pa. Attendance 92. 

February 3, 1922, Edison Club Hall. 
Frontiers of the Universe’’ (illustrated). 
Baumgardt. Attendance 450. 

Seattle.— January 30, 1922, Knights of Columbus Hall. 
Joint meeting with Seattle Section of Institute of Radio Engi- 
neers. Subject: “Human Voice and Its Electrical Transmis- 
sion.”’ Speaker: Mr. John Mills, of New York. The lecture 
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was illustrated by lantern slides, motion pictures, oscillograph 
projections and special demonstrations. Attendanee 232. 

Spokane.—January 6, 1922, Davenport Hotel. Subject: 
“Mosts on Constant Current Regulators for Series Street Light- 
ing Systems.’’ Speaker: Professor P. S. Biegler, of the State 
College of Washington. Attendance 10. 

January 27, 1922, Davenport Hotel. Subject: “The Human 
Voice and Its Electrical Transmission.” Speaker: Mr. John 
Mills of the Western Electric Company, New York. 

Syracuse.—January 27, 1922, Chamber of Commerce. 
Brief discussions by local members on subjects pertaining to 
shop practise, etc. The sole effort in this meeting was to make 
it entirely practical for the benefit of those who are unable 
to follow the theoretical discussions usually presented at our 
meetings. Attendance 31. 

Toronto.—January 13, 1922, Electrical Building, Toronto 
University. Subject: ‘Writing Engineering Reports and Speci- 
fications.” Speaker: Mr. F. R. Ewart. Attendance 90. 

January 27, 1922, Electrical Building, Toronto University. 
Subject: “Railway Signaling.” Speaker: Mr. C. W. Parker, 
of the Canadian Pacific Railway. Attendance 93. 

Urbana.— January 20, 1922. Business meeting. Attendance 7. 

Utah.—January 20, 1922, Newhouse Hotel. First general 
meeting of the Engineering Council of Utah, of which the Utah 
Section of the A. I. E. E. isa member. Subject: “The Human 
Voice and its Electrical Transmission.”’ Speaker: Mr. John 
Mills, of the Western Electric Company, New York. Light 
refreshments and a social hour followed the lecture. Attendance 
335. 

January 27, 1922. Gold Room, Commercial Club. Subject: 
“The Romance of Engineering.’’ Speaker: Mr. Lafayette 
Hanchett. Refreshments were served. Attendance 120. 

Vancouver.—January 23, 1922, Auditorium, Board of Trade. 
Subject: ‘Automatic Telephone Isolated Plants, as used in 
Industrial Plants.’”” Speaker: Mr. F. H. MacGougan, of the 
Northern Electric Company. Attendance 13. 


BRANCH MEETINGS 


Alabama Polytechnic Institute.—February 7. 1922. 
Subject: . ‘“‘Electrically Driven Ships.’”’ Speaker: Professor 
Hill. Attendance 20. 


University of Arkansas.—January 31, 1922. Election of 
officers as follows: Chairman, J. W. Booker; Vice-Chairman, 
J.A.Thompson; Secretary, B. R. Askew (cselected); Treasurer, 
L. G. Huggins. Attendance 15. 

Brooklyn Polytechnic Institute.—January 5, 1922. Sub- 
jects: ‘Illumination in the Home,” by Mr. F. M. Reast; and 
“The Atom,’ by Mr. Mills, of the Western Electric Company. 
Refreshments were served. Attendance 85. 

University of California.—January 25, 1922. Subject: 
“Communication Service of the Bell Telephone Company.”’ 
Speaker: Mr. D. I. Cone, of the Pacifie Telephone & Telegraph 
Company. Attendance 27. 

Case School of Applied Science.—February 9, 1922. 
Subject: “Electric Are Welding.”” Speaker: Mr. J.C. Lincoln. 
of the Lineoln Electric Company, Cleveland, O. Attendance 52, 

University of Cincinnati.—January 9, 1922. Subject: 
“Philosophy Applied to Engineering.’ Speaker: Professor 
G. A. Tawney. Attendance 62. 

January 16, 1922. Subject: ‘Electrical Precipitation.’ 
Speaker: Mr. T. R. Watts, E. EB. ’22. Attendance 45. 

January 30, 1922. Subject: ‘‘Esterline Meters, Their 


Design, Construction and Uses.”” Speaker: Mr. J. R. Petres, 
EK. E. ’22. Attendance 51. 


Clarkson College.—January 10, 1922. General Electric 
Company films as follows: ‘‘King of the Rails,’’ and lantern 


slide lecture on ‘“‘Paper Mill Drive.’’ Attendance 20. 
Clemson College.—December 20, 1921. Subject: “The 
Heat Flow in Electrical Machinery.” Speakers: Messrs. 
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January 17, 1922. Subject: “Automobile Ignition-Magneto 
- vs. Battery.” Speakers: Messrs. Hoog, Jones and Rice. 
Current Events by J. H. Erskine. Attendance 20. 
peo rede Agricultural College. January 16, 1922. The 
. & Moving pictures were shown: “Big Deeds,” and 
Queen of the Waves.” Attendance 20. 

University of Colorado.—January 12, 1922. Messrs. 
Cassell _and Owen, electrical engineering students, gave an 
interesting demonstration of the wireless equipment of the 
Electrical Engineering Department. News items, market and 
weather reports, and several musical selections broad-casted 
by Dr. Reynolds, of the Reynolds Radio Company, Denver,were 
received with sufficient intensity and clearness to be heard by 

_those present. At the conclusion of the broadeast, Dr. Rey- 
nolds called the University Station and a two-way telephone 
conversation was carried on. The voice from the twenty watt 
phone set of the University was reported by Dr. Reynolds as 
being very loud and the modulation good. Refreshments were 
served. Attendance 61. 

Cooper Union.—January 14, 1922. Inaugural address by 
Mr. Towle, Instructor, followed by addresses by Messrs. Arthur 
Colledge, President of the Branch, and William A. Del Mar, 
Vice-President of the A. I. E. E. Metropolitan District. Mr. 
Herbert E. Shreeve, of the Western Electric Company, spoke 
on “Recent Advances of Telephone Transmission.’”? Attendance 
200. 

Drexel Institute.—January 13, 1922. Subject: ‘Recent 
Developments in Power Plants,” (illustrated). Speaker: Mr. 

_ Robert Hentz, of the Philadelphia Electric Company. Attend- 
ance 12. : 

Iowa State College.—February 2, 1922. Subject: ‘‘Auto- 
matic Telephony.’’ Speaker: Professor E. R. McKee, of the 
Electrical Engineering Department. ‘A two-reel film ‘“‘The Dial 
of Destiny,” furnished through the courtesy of the Automatic 
Electric Company of Chicago, was shown. Attendance 130. 

Kansas State College.—January 9, 1922. Subjects: 
“Modern Illumination,’ by G. L. Garloch ’22; and ‘‘Some 
Needs of Safety Protection for the Repairmen in Power Plants,”’ 
by H. I. Tarpley ’22. Attendance 56. 

Kansas University.—January 12. 1922. Subjects: “Indirect 
Lighting,” by Harry Hanlon; ‘The Niagara Falls Power 
Plant,’ by George Cochran; Thesis Reports by The Seniors. 
Attendance 39. 

University of Kentucky.—January 16, 1922. Subject: 
“The Engineering Aspect of the Newspaper.’ Speaker: Mr. 
Harry Roberts. Advertising Manager of the Lexington Leader. 
Attendance 34. 

Lafayette College.—January 9, 1922. Subject: ‘‘Trans- 
mission Lines and Power Distribution of Easton and Vicinity.” 
Speaker: Mr. W. W. Perry, of the Pennsylvania Edison Com- 
pany, Easton, Pa. Attendance 18. 

January 13, 1922. Subject: ‘Electric Ship Propulsion,” 
(illustrated). Speaker: Mr. Maxwell W. Day, of the General 
Electric Company, Schenectady, N. Y. Attendance 28. 

January 16, 1922. Inspection trip to the Dock Street Station 
of the Pennsylvania Edison Company, Easton, Pa., under the 
guidance of Mr. W. W. Perry. 

University of Maine.—January 11,1922. Owing to weather 
conditions the announced speaker was unable to be present. 
Mr. Clinton R. Boothky gave an account of his summer’s 
work with the Westinghouse Elec. & Mfg. Company. Attend- 
ance 30. 

Massachusetts Institute of Technology.—December 15, 
1921. This meeting was held under the auspices of the Boston 
Branch and the Combined Professional Societies of M. I. T. 
Subject: ‘Transmission Lines and Their Phenomena.” 
Speaker: Dr. C. P. Steinmetz. Attendance 1100. 
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January 5, 1922. Meeting held under the. auspices of the 
Electrical and Mechanical Engineering Professional Societies. 
Subject: “The Colfax Power Plant of the Duquesne Power and 
Lighting Company.” Speakers: Messrs. Clarke and Galusha, 
of Dwight P. Robinson Company. Attendance 175. 

January 26, 1922. Subject: ‘Recent Advances in Long 
Distance Telephony.” Speaker: Mr. H. E. Shreeve, of the 
Western Electric Company. Attendance 65. 

University of Michigan.—J anuary 25, 1922. Joint meeting 
with Detroit-Ann Arbor Section of A. I. E. E. Subject: “The 
Relation of the Electrical Engineer to Fire Prevention and Fire 
Protection.”” Speaker: Mr. R. C. Loughead, of the Michigan 
Inspection Bureau of Fire Underwriters. The address was 
illustrated with motion pictures and slides. Attendance 110.. 

University of Minnesota.—February 1, 1922. Banquet 
and get-acquainted meeting, at Oak Grove Hotel. Attendance 
107. : 

University of North Carolina.—January 19, 1922. Sub- 
jects: “Armature Winding,” by O. L. Giersch; ‘Electric Fixa- 
tion of Nitrogen ’”’ by O. R. Rowe; ‘‘The Muscle Shoals Develop- 
ment,’ by R. G. Koontz. Attendance 33. 

February 9, 1922. Subjects: ‘‘Relays in Telephone Work,” 
by W. M. Moore; ‘‘The Tesla Coil,” by F. M. Spaugh. Attend- 
ance 28. 


University of North Dakota.—January 10, 1922. Business 
meeting. Attendance 14. 


University of Notre Dame.—February 6, 1922. Subjects: 
“Modern Train Lighting Systems,” by W. Rauber; ‘Storage 
Batteries,” by V. Brown. Attendance 21. 


Ohio Northern University. January 19, 1922. Mr. Witz- 
ler gave a detailed explanation of the wireless telephone, includ- 
ing the vacuum bulb possibilities in the future, after which he 
proceeded to tune his own set which he had hooked up for the 
occasion, and those present had the pleasure of listening to a 
coneert given by the Westinghouse people at Pittsburgh. 
Attendance 50. 

February 2, 1922. 


Subject: ‘‘The Development of the Steam 


and Water Turbine.’”’ Speaker: Mr. E. A. Erdman. Attend- 
ance 43. 
Oklahoma A. & M. College.—January 31, 1922. Hlection 


of officers as follows: Chairman, Charles 8. Folk; Vice-Chairman 
Ludwik Jehicka; Secretary-Treasurer, Ivan T. Knight. 
Attendance 18. 


University of Pennsylvania.—January 12, 1922. Subject: 
“The Young Engineer in Big Corporations.” Speaker: Mr. 
C. A. Hutchins, of the U. G. I. Company. Dr. Harold Pender 
gave a short talk on “Criticism.” Attendance 29. 

University of Pittsburgh.—January 11, 1922. Subjects: 
“The Use of Electric Apparatus in Its Relation to the By-Pro- 
duets Ovens.” by D. H. Lauder; *‘The Personnel and Duties of 
the Signal Corps.” by H. K. Doyle. Attendance 41. 

January 18, 1922. Subjects: “Grounds,” by Mr. A. H. 
Zinsser; ‘‘Development of the Telephone Transmitter,” by 
Mr. E. G. Campbell. Attendance 35. 

January 28, 1922. Subject: “‘Coal 
Mr. R. B. Anthony. Attendance 38. 

February 1, 1922. Talks as follows: Mr. W. W. Miller, on 
the Liberty Tunnels; Mr. C. L. Hughes, on the instrument 
testing department of the Duquesne Light & Heat Company; 
Mr. J. N. Lehman, on the method used by the Pennsylvania 
Railroad in repairing the engines. Attendance 40. 

February 8, 1922. Subjects: ‘Hydroelectric Development 
of the West,’ by Mr. Blassingham; ‘Boiler Testing at the 
Springdale Power Plant.” by Mr. Crandall. Attendance 39. 

Stanford University.—January 26, 1922. An initiation and 
banquet was held at the Theta Xi House, thirteen new members 
being initiated. Refreshments were served, and speeches made 
by Chairman Becker and various members. Attendance 35. 
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Syracuse University.— December 15, 1921. 
Problems of Selecting a Suitable Frequency.” 
C. E. Van Orden. Attendance 9. 

A. & M. College of Texas.—January 13, 1922. Subjects: 
“Comparison of Operation Costs of Rail Car, Trolley Bus and 
Gas Bus,” by Mr. Silvus; ‘The Lightning Generator,’’ (reference 
General Electric Review) by Mr. W. T. Stamps; illustrated 
lecture on “Waterside Station No. 2 of New York,” by Mr. 
Q. B. Schaefer; outline of the work of Standardization of Rules 
as carried on by the A. I. E. E., by Mr. J. B. Straw. Attendance 
40. ; 

Virginia Polytechnic Institute.—January 30, 1922. Sub- 
ject: ‘‘Wireless Telephony.’ Speaker: Mr. H. P. Gilbert. 
Attendance 41. 

University of Virginia.—January 26, 1922. Subject: 
“Radio Central.”” Speaker: Mr. T. R. Bunting. Attendance 
115%. 

State College of Washington.—January 24, 1922. Sub- 
jects: “The Vacuum Tube and its Apphecation,’ and “The 
Human Voice and Its Electrical Transmission.’’ Speaker: 
Mr. John Mills, of the Western Electric Company, New York. 
Attendance 160. 
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University of Washington.—January 10, 1922. Subject: 
“The Opportunities Awaiting the Engineering Graduate.” 
Speaker: Mr. F. K. Kirsten. Attendanee 45. 

January 31, 1922. Meeting held in conjunction with Sigma 
XI. Subject: ‘“Thermionic Valve and Its Application.” 
Speaker: Mr. John Mills, of the Western Electric Company, 
New York. Attendance 250. 


Addresses Wanted 


A list of members whose mail has been returned by the Postal 
Authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing 
the present address of these members is requested to communi- 
cate with the Secretary at 33 West 39th Street. 


1.—Waldo C. Cole, 410 Mills Bldg., El Paso, Texas. 

2.—E. W. Erikson, 214 University Club Bldg., St. Louis, Mo. 
3.—E. L. Neil, Box 401, Palo Alto, Calif. 

4.—R. W. Seem, 633 W. 74th St., Los Angeles, Calif. 

5.—F. W. Smith, 500 Todd St., Wilkinsburg, Pa. 

6.—Louis H. Wessels, 105 Union St., Jersey City, N. J. 
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OPPORTUNITIES.— Desirable opportunities for service from responsible sources are announced in this Bulle- 


tin, and no charge therefor is made. 


MEN AVAILABLE—Under this heading brief announcements 
Announcements will not be repeated except wpon request received after a 


published without charge to the members. 


(not more than fifty words) will be 


period of three months, during which period names and records will remain in the attive files. 
NOT E.—Notices for the JOU RN AL should be addressed to EMPLOYMENT SERVICE, 33 West 39th 
Street, New York, N. Y., the employment clearing house of the Societies constituting the Federated American Engi- 


neering Societies, and not to the A. I. E. E. 


Notices for the JOU RN AL are not acknowledged by personal letter, but if received prior to the 16th of the month 


will appear in the issue of the following month. 


All replies to either “Opportunities” or “Services Available’ should be addressed to the key number indicated in 
each case and forwarded to EMPLOYMENT SERVICE, as above. 
Replies received by the bureaw after the position to which they refer has been filled will not be forwarded, and will 


be held by the bureau for one month only. 


Information regarding the notices published is on file in the offices of the member societies of the Federated Amer- 


ican Engineering Societies. 


POSITIONS OPEN 


TRANSMISSION LINE SUPERINTEN- 
DENT. Applicant must be conversant with 
practise in transmission lines, 100,000-volt, three- 
phase, 50-cycle. Must be capable of taking en- 
tire charge of transmission system of approxi- 
mately 400 miles of line, must be familiar with 
both construction and operating work, and must 
be. capable of handling native help. Reply 
stating age, experience, training and salary de- 
sired. Location india. X-1292. 

EXPERT DIE CASTING ENGINEER for 
production work. Must have good personalty 
and good executive experience. Only men with 
die casting experience will be considered. V-13. 

ELECTRICAL ENGINEERING GRADU- 
ATE for position as sales engineer with large 


electrical manufacturing concern in Middle 
West. Splendid opportunity for right man. 


State age and qualifications in detail in first 
letter. X-1520. 

ELECTRICAL ENGINEER for remote con- 
trol and substation design. Must be thoroughly 
familiar with use of relays. Must be electrical 
engineering graduate, under 45 years of age. 
Full details of education, experience, salary and 
time available should be given in first letter. 
Location, Pa. V-43. 

ASSISTANT TO CHIEF ENGINEER of 
large electric light and power company located 
in the Middle West. Must be technical graduate 


with at least five years experience in engineering 
or distribution department of modern utility. 
Must have good sound business judgment, some 
knowledge of construction accounting, estimating 
and constructing overhead and underground 
distribution, etc. Excellent opportunity for 
young man with ambition. V-72. 

GRADUATE ENGINEER or its equivalent 
in electrical engineering. Degree not required 
but knowledge must be well founded. Age 25-35 
years. Work almost entirely with motors of 
different sizes and types. Design and layout 
of details, ete. Testing and service work. Posi- 
tion may lead into a number of new fields. Hx- 
perience on, and knowledge of, electrical motors, 
their design and operation absolutely essential. 
Good personality with ability to meet people. 
Initiative and tact. Will largely have to do with 
application sent to customer’s office and factory 
and will have to meet engineers and executives. 
May have to do sales work and will be under 
direction of both sales and engineering depart- 
ments. Sales experience not absolutely neces- 
sary but possibilities must be there. Must be 
able to express ideas on drawing board, but will 
not be tied there. Location, Ohio. V-75. 

ELECTRICAL: ENGINEER for general work 
in testing laboratory. Location, New York City. 
V-87. 

CHIEF ELECTRICIAN for cement plant, 
technical graduate, with some practical experience 


as chief electrician with some manufacturing plant. 
Location, Kansas. V-89. 


ENGINEER to take complete charge of modern 
power plant consisting of a G. E. Curtis type 
turbine and alternator driven by Skinner engine. 
Air compressors used in the plant in connection 
with cutting of coal. Plant operates condensing 
using Ingersoll Rand condenser. Boilers fired by 


stokers, using Files Engineering Company’s 
mechanical feed stokers. Location, Kentucky. 
V-124. 


ENGINEER on publicity and relating matters 
wanted by manufacturer of electrical apparatus. 
Graduate electrical engineer with experience in 
manufacturing, engineering or selling rather than 
strictly publicity work. An opportunity for an 
electrical engineer who has found his work uncon- 
genial to try himself in the publicity field. V-135. 

ELECTRICAL ENGINEER with technical 
education capable of taking complete charge of 
electrical equipment in plant having installed 
approximately 10,000-horse power d-c. and a-c. 
motors and generator service. Should have had 
practical experience in operation of large indus- 
trial plant using modern electric equipment. 
State salary expected. Location, Boston, Mass. 
V-136. 

ENGINEERS experienced along the line of 
electric welding equipment, etc. Location, New 
Jersey. V-148. 
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FIELD ENGINEER capable of taking full 
charge of construction and modern power houses, 
installation of electrical and mechanical equip- 
ment. Write giving experience, age, salary ex- 
pected and at least three references. Location, 
Pa. V-156. 

INDUSTRIAL ENGINEER thoroughly fa- 
miliar with wood working machinery and plants. 
Must be able to improve process of manufacture 
and conservation of materials. Should have 
experience in the manufacture of veneers from the 
log to the finished product and other similar wood 
by-products. Location, New York, Vermont, & 
Wisconsin. V-157. 

POWER PLANT ENGINEER. Must be 
able to analyze power plant costs especially in 
industries. Also investigate results obtained with 
different types of equipment such as uniflow en- 
gines, Diesel, etc. Location, Pittsburgh, Pa. 
V-161. 

SOLICITOR for patent department. Gradu- 
ate electrical engineer 1920-21 with slight experi- 
ence if possible or acquainted with telephone work. 
Will be entirely office work. V-163. 

WORKS ENGINEER AND MASTER ME- 
CHANIC to be in general charge of power house, 
heating, lighting, repairs and maintenance of 
building and machinery and possibly, tool design. 
Location Michigan. Application by letter giving 
age, education and experience. \V-181. 


GENERAL SUPERINTENDENT for food 
products factory making jams, jelliesand preserves. 
Must have knowledge of the manufacture, pack- 
ing, shipping, etc., of food products. Location, 
New York City. V-182. 

SALES ENGINEER between 25 and 30 years 
having had several years sales experience thor- 
oughly familiar with electrical engineering from 
standpoint of motor application. Application 
by letter. V-184. ; 


TECHNICAL MAN bright, energetic for com- 
mercial department, to solicit engineering work. 
Must be technical graduate and knowledge of ice 
making and refrigerating work; must be Ameri- 
can citizen. Application by letter only. Loca- 
tion, New York City. V-185. 


MASTER MECHANIC to take charge of the 
entire maintenance work in a gas plant. Must 
be able to direct in detail the repairs of electric 
motors and control apparatus, including rewinding 
armatures and stators. State salary desired and 
give detailed professional record. V-186. 

ENGINEERS experienced in the sale,and dis- 
tribution of alternating-current induction motors 
and the specialties which go with such motors. 
Write giving complete description of age, educa- 
tion, previous connection, previous business 
experience, etc. Location, Conn. V-205. 

RECENT GRADUATE from either M. I. T.. 
Stevens or Cornell to enter course of training 
with mercantile house on motor truck operation 
and general office cost work. Application by 
letter. Location, New Jersey, Massachusetts, 
Pittsburgh. V-216.. 

RESEARCH ENGINEER, combustion of low 
quality or value fuels. V-246. 

ELECTRICAL ESTIMATOR. Must be good 
draftsman and experienced in electrical contrac- 
ting. Age under 30 years. Location, New York 
City. V-259. 

ILLUMINATING ENGINEERS (2 or 3). 
Need not be technical graduate. Must know 
principles of illumination, be able to go into fac- 
tory offices, or stores, test engines, etc., and 
propose and carry through proper illumination 
installations. A No. 1 man. Application by 
letter. Location, New Jersey. V-273. 

INSTRUCTOR in electric house wiring, (part 
time) evening position. Class will meet every 
Monday, Wenesday, and Friday from 7:30 to 
10:00 p.m. Location, N. Y. City.. V-275. 

MECHANICAL AND ELECTRICAL ENGI- 
NEER. Problem will be along following lines. 
Determine electrical power factor monthly, De- 
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termine water evaporation per pound of coal. Cal- 
culate line losses for steam and electrical power. Be 
familiar with recording watt and ammeters and 
their calculations. Have knowledge of both water 
and hydraulic work. Indicate and read steam en- 
gine charts. Be familiar with belt power trans- 
mission. Location, New Jersey. V-287. 

INSTRUCTOR inelectrical engineering who has 
had experience in radio communication, who has 
enthusiasm and initiative in the direction of radio 
development. Must be college graduate in elec- 
trical engineering with training and ability to 
handle theory as well as practise radio work. 
Must have good character, tact, judgment and 
ability to get along well with colleagues. Should 
also have good ‘‘telephone voice’’ as we hope to 
do considerable work in radio-telephony. Duties 
will be entirely confined to radio work and he will 
be expected to act as station operator in whatever 
work is developed. Will be employed on 12-month 
basis, with one month for vacation. Application 
by letter giving age, education and experience. 
Location, Middle West. V-294. 


SALES ENGINEER having had considerable 
experience selling electrical equipment and well 
versed in electrical theory to sell electric motor 
trucks. Application by letter. Location, New 
York City. V-298. 


ENGINEER to take charge of management 
department of a real estate office. Must have had 
actual experience in renting and operating high 
class office building. Location, New York City. 
V-303. 


ELECTRICAL ENGINEER capabie of design- 
ing and perfecting electrical railway signal appa- 
ratus. Location, New York State. Application 
by letter. V-305. 


ENGINEER familiar with overhead line con- 
struction power and telephone. Location, Wash. 
D. ©: Y-328: 


ENGINEER. Experienced, capable of design- 
ing and developing motor driven household appli- 
ances. Must be experienced and capable of 
independent work. State fully, experience, pres- 
ent occupation, age, and salary expected. V-359. 


SMALL MOTOR ENGINEER. Technical 
graduate having several years experience in design 
and development of fractional horse power and 
small capacity motors. Excellent opportunity. 
State fully, experience present occupation, age and 
salary expected. V-360. 


EXECUTIVE SALSEMAN to assume mar- 
keting problems of growing middle western con- 
cern manufacturing a commodity nationally used 
in large quantities by makers of motors, trans- 
formers, coils, etc. We sell through manufac- 
turers’ agents in developed territories. Other 
areas must be developed to attract agents. All 
this calls for a fielding sales manager as he will 
work single handed until his own results justify 
adding salesmen. We are looking for a proved 
success but will consider a high pressure salesman 
accustomed to this class of trade and who is 
coming fast. In either case appointee must con- 
trol enough business to make him a success from 
the start. For such a man we will make an op- 
portunity. V-380. 


MEN AVAILABLE 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, technical graduate, age 34, unmarried. 
General Electric test. Seven years experience in 
design and development of electrical power 
machinery and steam turbines. Lubricating en- 
gineering experience. Lieutenant U. S. Navy 
during war. Member A. I. E. E. Desires op- 
portunity for advancement with manufacturer or 
power concern. Would consider sales work also. 
E-3198. 

INDUSTRIAL HEATING ENGINEER. As- 
soc. A.I.E.E. Age 29, technical graduate, 1914. 
Desires position with central station company or 
manufacturer in sales engineering work on electric 
heating in industrial processes. Thoroughly 
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familiar with heating field in all temperature 
ranges and experienced in electrical sales, pur- 
chasing, construction, operating and preferred 
stock work. H-3199. 


ELECTRICAL ENGINEER. Technical educa- 
tion, Assoc. A. I. E. E. Former engineering 
officer U. S. Navy. Wide experience with manu-’ 
facture, installation and maintenance of d-c. equip- 
ment and storage batteries. Also experience 
with automotive electrical work, railway car 
lighting, and factory maintenance with a-c. equip- 


ment. Age 33. Married. Located in Kansas. 
H-3200. 


ELECTRICAL ENGINEER, age 36; single. 
Ten years experience in power station design, 
construction, operation and industrial engineer- 
ing. Assoc. A.I. E.E. Extensive executive and 
purchasing experience. Desirous of entering 
engineering sales field or executive position. 
Salary $3500-$5000. Available at once. E-3201, 


TECHNICAL STUDENT, age 23, graduating 
from five-year course in electrical engineering at 
Cooper Union Night School this April, desires po- 
sition with electrical engineering concern offering 
advancement and a future. Location vicinity of 
N. Y. at present, but willing to go anywhere 
after April. Salary a secondary factor. Seven 
years varied experience. E-3202. 


ELECTRICAL ENGINEER. Married, B. Sc. 
degree, electrical and mechanical shop courses, 
six months sales, one year automatic telephone 
operation, four years switchboard and automatic 
control apparatus design, (section leader) and two 
years power and telephone installation foreman. 
Desires permanent position in Canada or EKastern 
States. E-3203. 


ELECTRICAL ENGINEER. Assoc. A. I. E. 
E. Technical school education. Six years prac- 
tical work with leading manufacturers. (Westing- 
house Electric 2% years) on all forms of apparatus, 
good knowledge of small motor production desires 
change from present position. A-1 references. 
Married, age 27. Would like foremanship or 
similar work. Minimum salary $40 per week. 
E-3204. 


ENGINEER. Assoc. A. I. E. E. Available 
at once. University man, married, age 33, with 
11 years engineering, executive, and sales experi- 
ence, including 19 months G. E. test course and 
14 months as inspector of British Army plants in 
France and Flanders. Prefers to take agency 
for manufacturers in Canada or office executive or 
sales position. H-3205. 


EXECUTIVE ASSISTANT to HOLDING 
COMPANY OFFICIAL. Ten years intimate 
contact with utility management, operating prob- 
lems and practises obtained by interviewing execu- 
tives and engineers in various parts of the U. 8. 
Special attention directed to means of establishing 
better public relations, securing most reliable and 
economical operation, and building load. Tech- 
nical graduate, has gone through ‘‘over-alls”’ 
eS of operation, member of A. I. H. H. and 
I. E. S. and technical committees, participated in 
every fa convention for last ten years. Can 
detect conditions that need correction and de- 
termineremedy. Engaged at present but desirous 
of applying knowledge in different manner. 
H-3206. 


MECHANICAL and POWER ENGINEER, 
technical graduate B. S. and M. E., age 30, eight 
years broad experience, machine shop, metallurgy, 
sugar engineering, industrial and power plant 
practise, operation, design, layout, calculations, 
heating, distribution of steam, water, etc., inves- 
tigation, reports. Executive and business ability. 
E-3207. 


ELECTRICAL ENGINEER. Assoc. A. I. E. 
E. Age 27, single, technical graduate 1919. One 
year factory experience on small electrical motors, 
one year sales of power apparatus and service 
work. Employed at present but available on 
reasonable notice. Locate anywhere. H-3208. 
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ELECTRICAL ENGINEER, age 24, college 
graduate, married, eighteen months General 
Electric Company test, desires position with 
public utility company or with consulting engineer, 
having good opportunities for advancement. 
Location in West preferred. Assoc. A. I. E. E. 
Available at once. EH-3209. 


ELECTRICAL ENGINEER, qualified as 
superintendent of power, electrical supt. or 
maintenance engincer, available now. College 
graduate, fifteen years experience. Salary $3600. 
Would consider opportunity to try myself on 
commercial work where operating and construc- 
tion experience might be considered valuable 
qualification. E-3210. 


ELECTRICAL ENGINEER. Assoc. A. I. E. 
E., technical graduate 1915, 2 years Westinghouse 
test, 2 years U. 8S. Navy, 1 year construction 
work, 2 years Service Engineer. Desires position 
with large construction company or with the engi- 
neering or operating department of power com- 
pany. Would consider position as electrical en- 
gineer for large industrial or mining company. 
Available on short notice. H-3211. 


ELECTRICAL ENGINEER technical gradu- 
ate in electrical engineering 1907. Age 38. 
Married, ten years in charge of construction and 
maintenance of powerhouse and substation equip- 
ment for central station company. Desires 
position in electrical engineering. Available on 
short notice. E-3212. 

ENGINEER, single, age 27, technical training, 
11 years electrical experience with construction 
companies, chiefly substations and power houses of 
high and low-tension voltages, supervising and 
under supervision, willing to render any kind of 
services at any place required; familiar with safety 
control wiring. Assoc. A.I.E.E. E-3213. 


ELECTRICAL ENGINEER, M. J. T. Gradu- 
ate, Member A. I. E. E. Fourteen years in 
charge of design, sales, construction, inspection of 
industrial and public utility steam-electric plants 
in Chile, Santo Domingo, New York and Boston. 
‘Speaks Spanish. Desires position either as New 
York representative for power station equipment 
or as electrical engineer. Salary $4000. H-3214. 

ELECTRICAL ENGINEER, age 32, married. 
Technical graduate in electrical engineering. 11 
years experience in power plant construction, 
equipment installation and industrial plant opera- 
tion, good executive. E-3215. 


PRODUCTION OR SALES ENGINEER, 
1917 graduate, age 28, married. Experience in 
planning, routing, schedul’nz, despatching and 
stores, Also engineering sales and correspondence 
work. Desire employment that will offer a future 
based upon the results which I am able to show. 
E-3216. 


ELECTRICAL ENGINEER, Member A. I. E. 
E. Age 32. Eleven years experience in manu- 
facture, designing and sales of electric fans and 
small motors for various other purposes. About 
one year executive experience. Employed by 
large electrical manufacturing concern but desires 
achange. E-3217. 


INSTRUCTOR IN ELECTRICAL ENGI- 
NEERING, eastern engineering college of highest 
grade, desires part-time work in connection with 
correspondence school courses. Has had prac- 
tical experience electrical construction and in- 
stallation. E-3218. 


GRADUATE ELECTRICAL ENGINEER, 


age 31, married, protestant. Past three years 
engineering department well-known consulting 
firm, design power-houses, etc. Enzineering 
officer U. S. Navy during war. Previous ex- 
perience—Westinghouse test floor, engineering 


and operating departments large operating com- 
pany. Good organizing and executive ability, 
excellent credentials. Detail information gladly 
furnished. H-3219. 


TECHNICAL GRADUATE, age 29, Assoc. 
A. I. E. E., 2 years G. E. test, 4 years responsible 


experience in steam power plants. Now general 
superintendent, 3000-kw. modern turbine station, 
small electric railway and 240-ton ice plants. De- 
sires position with consulting engineer which offers 
chance for advancement. Present salary $3400. 
H-3220. 

WANTED. Position with power or central 
station company in charge of distribution and con- 
tracting business in small town. Fifteen years 
experience high-tension and textile engineering, 
estimating and supervision. Age 35. Graduate 
E. EB. Assoc. A. I. E. E. and I. BE. 8. E-3221, 


SOMEWHERE an industrial plant is being 
planned which will require an engineer to lay out, 
install and maintain electrical equipment. My 
technical training and thirteen years broad ex- 
perience as mechanic and supervisor enable me to 
say with confidence that I can handle this class 
of work. H-3222. 


ELECTRICAL ENGINEER with 17 years 
practical experience in industrial plant, repair 
shop, testing trouble and installation work out on 
the road. Can furnish best of references, prefer 
New Jersey or New York. Age 34 married, avail- 
able 30 days, salary $2600 minimum. E-3223. 


ELECTRICAL-MECHANICAL ENGINEER, 
B. S, EH. E. degree; Assoc. A. I. E. E., married, 
age 35. Nine years varied experience; three years 
construction and two years operation in hydro- 
and steam-electric power stations on Pacific 
Coast. Over two years in executive capacity. 
Two years as sales engineer on power plant ma- 
chinery, one year on design and at present teach- 
ing electrical engineering at State University. 
Desires position of taking charge of electrical de- 
partment of large industrial plant or as assistant 
to consulting engineer. Location Pacific slope or 
Northwest. Salary $3000. E-3224. 


ELECTRICAL ENGINEER, Member A. I. E. 
E. 20 years experience. Design, construction 
operation. Large hydraulic power plants, indus- 
trial plants, 110,000-volt and low-tension trans- 
mission lines. Electric furnace and electrolytic 
plants. Can fill chief engineer position or con- 
sulting work. E-3225. 


ELECTRICAL ENGINEER, 33, married 
with technical training, manufacturing and indus- 
trial experience desires to connect with growing 
Canadian company where initiative, analytical 
ability and perseverance coupled with sound 
knowledge of fundamentals and good practical 
experience can be used to advantage. Present 
salary $3300. H-3226. , 


COMMERCIAL EXECUTIVE, PURCHAS- 
ING MANAGER OR SALES ENGINEER. 
The president of his present connection says: ‘‘Risk 
is eliminated in an investment in this man’s 
services—he has the habit of success.’’ Now vice- 
president and general manager of going concern; 
Cornell graduate; Member A. I. E. E. and 
A. S. M. BH. H-3227. 


TECHNICAL Graduate, University of Michi- 
gan. class of 1919, desires to locate with electrical 
manufacturing company in development or re- 
search department. Experience has been in 
development department of large Eastern manu- 
facturing company, on switchboard apparatus. 
Willing to undertake any position in electrical 
company along the line of electrical engineering, 
except selling. Married, no children, age 24, and 
do not care for sales work on account of wanting 
to locate permanently. Location desired— 
Michigan, Ohio or Indiana. E-3228. 


MECHANICAL AND ELECTRICAL ENGI- 
NEER, 30 years experience electric railway and 
utility power engineering, steam plants, steam 


railroads electrification, rolling stock, trolley 
construction, power transmission, electrolysis, 
rehabilitation, valuation; nearing completion 


four-year engagement rehabilitating large com- 
bination utility, desires connection by June with 
steam railroad, electric utility or manufacturing 
company power department. H-3229. 


Journal A. I. E. E 


ELECTRICAL ENGINEER, age 26, technical 
education, 7 years experience contracting, testing 
and construction. Last three years with elec- 
trical traction company in executive capacity 
in connection with substation construction. 
Would prefer entering sales organization of elec- 
trical manufacturing concern. H-3230. 


GRADUATE ELECTRICAL ENGINEER. 
Twelve years experience designing, constructing, 
operating and appraising electrical properties, 
industrial plants, public utilities, railway terminals 
etc. Position desired with progressive firm in 
North Central States. Available on short notice. 
E-3231. ; 


GRADUATE ELECTRICAL ENGINEER. 
Age 27. Married, at present employed, would 
like to get into power plant work. Will consider 
location in small city, but would like Middle West. 
Services available on short notice. H-3232. 


ENGINEERING INSTRUCTOR. Univer- 
sity graduate, Associate A. I. E. E., age 30, mar- 
ried, desires position as instructor in engineering 
or scientific courses. Nine years practical elec- 


trical and mechanical experience. Teaching 
mathematics at present. Good references." Avail- 
able on reasonable notice. E-3233. 


ELECTRICAL ENGINEER. Desires posi- 
tion in nature of superintendent or assistant super™ 
intendent of steam electric power plant. Experi- 
enced in over head construction, estimating costs, 
electrical distribution, meter engineering, power 
plant efficiency and combustion. Two years 
experience supervision. Age 34 years. E-3234. 


GRADUATE ELECTRICAL ENGINEER. 
Desires connection with firm of consulting engi- 
neers. 2% years G. E. Co. test and field experi- 
ence now employed with public service company. 
Age 25. Single. Location anywhere. H-3235. 


ELECTRICAL ENGINEER. Age 24, mar- 
ried, 2%4 years G. E. test, 8 months foreman of a 
G. E. Test Department. Experience in factory 
efficiency engineering, layOut and maintenance, 
also steam and hydraulic operation. Now em- 
ployed as assistant electrical superintendent of 
power plant and paper mill. Present salary $50 
per week. Available two weeks’ notice. E-3236. 


GRADUATE ELECTRICAL ENGINEER. 
Age 27, married, desires position with light and 
power or traction company. One year junior 
engineer with power and traction company, all 
departments, two years general business experi- 
ence. EH-3237. 


GRADUATE ELECTRICAL ENGINEER. 
Age 25. Desires position where advancement can 
be made. Have been an instructor in college. 
Have also had experience in electrical construc- 
tion and telephone engineering. E-3238. 


ELECTRICAL ENGINEER, technical gradu- 
ate; Assoc. A. I. E. E. Age 28. Six years ex- 
perience in testing laboratory radio, chief en- 
gineer of marine installation and maintenance; 
remote control, machine tool application, esti- 
mating and construction work. Desires perma- 
nent position with well established company, 
planning, estimating and following up progress 
of jobs. Location preferred Newark or New 
York City; available one month. E-3239. / 


TECHNICAL GRADUATE IN ELEC- 
TRICAL ENGINEERING looking for position 
to gain some good practical experience. Very 
little practical experience but willing to learn. 
Available June 1922. Construction work or 
chance on some power development desirable. 
H-3240. 


TECHNICALLY TRAINED MAN, 24 years 
old with extensive experience in the engineering 
of electrical construction work, wishes to join 
the sales force of concern dealing with contractors 
and engineers. H-3241. 


' 


Mar. 1922 


Hilt 


INSTITUTE AND RELATED ACTIVITIES: 63 
MEMBERSHIP — Applications, Elections, Transfers, Ete. 
SCven eee cece cer ECU Eee ery : 

mune MUN 


ASSOCIATES ELECTED FEBRUARY 16, 1922 


AGARWALA, MUNNALAL ©C., In Charge of 
Electric Works, Empire Engineering Com- 
pany, Cawnpore, India. 

*AGUADO, JOSE, Student, 
University, Baltimore, Md. 


ALLEN, JOSEPH WILLIAM, Aero Mechanical 
Engineer, Engineering Division, Air Service, 
McCook Field; res., 116 Shaw Ave., Dayton, 
Ohio. . 

AMERMAN, ALBERT LOTT, Engineer, Sperry 
Gyroscope Company, Manhattan Bridge 
Plaza, Brooklyn; res., 32 Lenox Road, Rock- 
ville Centre, N. Y. , 


*AMSDEN, BURTON ROBERT, Power 
Engineer, The New York Edison Company, 
Irving Place & 15th St., New York, N. Y. 

ANDERSON, EDWARD BRUCE, Sales Engi- 
neer, F. R. Jennings Company, 805 Ford 
Bldg., Detroit, Mich. 

ANDERSON, SIDNEY EDWIN, Telephone 
Engineer, Western Electric Co., 463 West 
St., New York, N. Y. 


ARCHER, JOHN WILLIAM, Senior Equipt. 
Man, American Tel. & Tel. Company, 
416 7th Ave., Pittsburgh, Pa. 


ATKINS, CHARLES ELWOOD, Assistant 
Distribution Engineer, Union Electric Light 
& Power Co., Lockwood & McClure Aves., 
Webster Groves, Mo. . 


BAER, WALTER O., Electrical Engineer, 
Cutler-Hammer Mfg. Company, Milwaukee, 
Wis. 

*BAILEY, GEORGE ALDRICH, Testing Dept., 
Western Electric Company, 210 W. 34th 
St.; res., 133 E. 84th St., New York, N. Y. 

BALL, FRANCIS L., Manager, Fitchburg Gas 
& Electric Company, 537 Main St., Fitch- 
burg, Mass. 

*BALLENGER, ALBERT RHETT, with J. 8. 
Ballenger, Wellford, S. C. 

BARAT, SHIVAKRISHNA, Electrical Engi- 
neer, Messrs. F. & C. Osler, Ltd., Kashmir 
Gate, Delhi, India. 

*BAUER, LOUIS HENRY, Assistant Engineer. 
Louisville Railway Company; res., 1309 
Morton Ave., Louisville, Ky. 

BAULCH, BERT LEO, Assistant District 
Sales Manager, Northern Electric Company, 
Ltd., 131 Simcoe St., Toronto, Ont. 

BAXTER, CHARLES EMIL, Telegraph & 
Telephone Engineer, Michigan Central Rail- 
road, Detroit, Mich. 

*BEARDMORE, ALBERT EDWIN, 515 John- 
son Ave., Warren, Minn. 
*BELL, FRANKLYN EVELYN, 

Webster, Inc., Hartford, Conn. 

BENNETT, JOHN SAMUEL, Superintendent 
of Operations, University of North Carolina, 
Chapel Hill, N. C. 

*BENNETT, RALPH S.,_ Sales Engineer, 
General Electric Company; res., 182 Brown 
St., Pittsfield, Mass. 

BION, JOHN WILLIAM, Chief Electrician, 
R. Hoe & Company, 504 Grand St., New 
York; res., 950 Jefferson Ave., Brooklyn, 
NGS Yas 

*BLUME, WILLIAM EDWARD, Engineer, 
Service Electric Company, 212 Center St., 
New York; res., 50 Bay 25th St., Brooklyn, 


Johns Hopkins 


Stone & 


aN NS, 
*BOCKENEK,.DAVID MAURICE, Electrical 
Tester, Westinghouse Electric & Mfg. 


Company, 398 Center St., Wilkinsburg, Pa. 


*BOWMAN, JOHN DRUMMOND, Engineering 
Dept., Central Maine Power Company; 
res., 2 Elm Terrace, Waterville, Maine. 

BRANNIGAN, EDWARD J., Engineer, Scovill 
Manufacturing Company, Waterbury; res., 
176 Cherry St., Naugatuck, Conn. 

*BRENNAN, HAROLD B., Designer, Switch- 
board Dept., General Electric Company, 
Schenectady; res., 26 Walnut St., Cohoes, 


IN Ys 

BRENTON, WALTER, Assistant to Super- 
intendent of Portland Stations, North- 
western Electric Company; res.,° 682 E. 
56th St. North, Portland, Ore. 

*BRICKSON, ROLF ARNULF, Telluride, 
Colorado. 

BRIDGES, FRANK ROWLAND, Electrical 


Assistant, Boston Elevated Railway Com- 
pany; res., 12 Hawthorne St., Boston, Mass. 

BROWN, JOHN H., Superintendent, Electrical 
Construction, Hotel Astor, New York; res., 
1749 Richmond Terrace, West Brighton, 
Seiko NEY 

*BUCHAN, CHESTER EDWARD, Superin- 
tendent of Meters, Apple River Milling Co., 
Inc., & Colfax Light & Power Co., Amery, 
Wis. 

BURROWES, CLEMENT, Electrical Engineer, 
Waimairi County Council, North Road, 
Papanui, Christchurch, N. Z. 

CARLSON, CARL O., Local Field Engineer, 
Public Service Electric Company, 75 River 
St.; res., 28 Astor St., Newark, N. J. 

*CARPENTER, PHILIP MARTIN, Lighting 
Engineering Dept., Hartford Electric Light 


Company; res., 44 Ashley St., Hartford, 
Conn. 

*CARRANZA, JESUS, Electrical Engineer & 
Contractor, ‘Aztec Electric Company,” 


Mexico City, Mexico. 

CARSON, JOSEPH, Construction Dept., General 
Electric Company, 84 State St., Boston, 
Mass. 

*CASKEY, ARTHUR DAVID, Engineer, Dis- 
tribution Dept., Public Service Company of 
Northern: Illinois, 10 Illinois St., Chicago 
Heights, Ill. 

CASTRO, CARLOS, Inspector, Western Electric 
Co., 401 Hudson St.; res., 163 W. 88th St., 
New York, N. Y. 

CHISHOLM, RAYMOND D., Salesman, West- 
inghouse Electric & Mfg. Co., 165 Broadway, 
New York, N. Y. 

*CHIU, WEI-YU, Engineering Dept., New York 
Edison Company; res., 419 W. 115th St., 
New York, N. Y. 

CLAPAROLS, MANUEL, Consulting Engineer, 
The College of Wooster, Wooster, Ohio. 
CLARK, FRANK LYNDS, Martinez, California. 
CLARKSON, BEN, Salesman, Apparatus & 
Supplies, Tel-Electric Company, Houston; 
res., 127 Henrietta St., San Antonia, Texas, 

COOGAN, CHARLES MICHAEL, Switchboard 
Designing Engineer, General Electric Com- 
pany; res., 24 Van Vranken Ave., Schenec- 


tady, N. Y. 
COLLINS, HAROLD WILSON, Electrical 
Tester, The Detroit Edison Company; 


res., 1744 Seward Ave., Detroit, Mich. 


CONLEE, CARLTON NEWCOMB, Inspector, 
Chicago Telephone Company, 212 W. Wash- 
ington St.; res., 928 E. 62nd St., Chicago, 
I. 

*CORY, GEORGE LEWIS, Student, Otis 
Elevator Company, 250 11th Ave.; res., 
Y. M. CG. A., 318 W. 57th St., New York, 
INE Ye 


COUGHLIN, JAMES E., Jr., Engineer, Com- 
monwealth Edison Co., 72 W. Adams S8t.; 
res., 521 W. 56th Place, Chicago, I11.. 

*COVINGTON, PAUL T., Golding Mfg. Com- 
pany, 30 Church St., New York; res.. 129 
Columbia Heights, Brooklyn, N. Y. 

COWDERY, C. A., Electrical Engineer, General 
Electric Company, Bridgeport Works; res., 
1501 W. Broad St., Stratford, Conn. 

CRAIGEN, EWART GLADSTONE, Construc- 
tion Foreman, A. S. D. Engineering Dept., 
Canadian General Electric Co., Toronto, 
Ont.; res., 676 Thurlow St., Vancouver, 
B.C. 

CRANAGE, HERBERT AUBREY, Assistant 
Foreman of Laboratory, Leeds & Northrup 
Company, 4901 Stenton Ave., Germantown, 
Philadelphia, Pa. 

CROFT, JOHN PAUL, Telephone Central Office 
Man, Bell Telephone Company of Pa.; 
res., 308 W. James St., Lancaster, Pa. 

CROSSETT, MARTIAL CLAUDE, Assistant 
Chief Electrician, Commonwealth Steel Com- 
pany; res., 221la C St., Granite City, Ill. 

*CUFFE, FREDERICK WILLIAM, Chief 
Engineer, Canadian Edison Appliance Co,, 
Ltd.; res., 232 William St., Stratford, Ont., 
Canada. 

*CULVER, LAURENCE ROSENORANS, Stu- 
dent Assistant, Electrical Engineering Dept., 
Mass. Institute of Technology; res., 19 
Willard St., Cambridge, Mass. 

CUNNINGHAM, JAMES A., Wireman, Union 
Electric Light & Power Company; res., 
2822a Blair Ave., St. Louis, Mo. 

CURTIS, GEORGE GRAYDON, General Mana- 
ger, Northern Wayne Electric Light & 
Power Company, 34 Main St., Wolcott, N. Y. 

*CURTIS, THOMAS R., Electrical Engineer, 
Western Electric Company, Hawthorne; 
res., 904 Hayes Ave., Oak Park, Ill. 

DAUCHY, CHARLES H., Electrician, Iowa 
Railway & Light Company, Cedar Rapids, 
Ta. 

DAY, J. W., Superintendent of Construction, 
Ne Page McKenny Company; res., 3731 
Meridian St., Seattle, Wash. 

DEARMIN, H. MILTON, Electrical Draftsman, 
Pacific Gas & Electric Co., 445 Sutter St., 
San Francisco, Calif. 

DE LONG, OSCAR ANDERSON, Jr., Engineer, 
Research Dept., Western Electric Company, 
463 West St., New York, N. Y. 

DEVRIES, JOSEPH ROLAND, Assistant to 
Testing Engineer, Pennsylvania Water Power 
Co., Holtwood, Pa. 


*DOBBIE, PERCY ACTON, Assistant Engineer, 
New York Telephone Company, 104 Broad 
St., New York, N. Y.; res., 62 Arnold 
Terrace, 8S. Orange, N. J. 3 

*DONOVAN, WILLIAM McKINLEY, Student 
Engineer, Westinghouse Elec. & Mfg. Com- 
pany, E. Pittsburgh; res., 1010 Mill St., 
Wilkinsburg, Pa. 

*DOUGLASS, WALTER JOSEPH, Engineer, 
Jay Insulating Compounds Company, 110 
W. 40th St., New York; res., 148 Beach 113th 
St., Rockaway Park, N. Y. 

*DOWNER, CHARLES BODDIE, Student 
Engineer, Testing Dept., General Electric 
Company; res., 1399 Eastern Parkway, 
Schenectady, N. Y. 

*DUBSON, JOHN F., West Penn Power Com- 
pany, Spring City, Pa. 

DUCEY, WALTER JAMES, Engineering 
Draughtsman, Consumers Power Company; 
res., 429 W. Morrell St., Jackson, Mich. 
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DUFF, WILLIAM P., Engineer, General Electric 
Co., New Haven, Conn. 

*DUGUID, RUSSELL HOWARD, Electrical 
Inspector, Pacific Electric Railway, 689 
Pacific Electric Bldg., Los Angeles; res., 314 
S. Chester, Pasadena, Calif. 


DUNCAN, GEORGE R., Student Engineer, 
Power & Mining Dept., General Electric 
Company; res., 60 Glenwood Blvd., Schenec- 
tady. 

DUNN, CAVEN HALL, Testing of Electrical 
Apparatus, Canadian General Electric Co; 
res., 193 Dalhousie St., Peterboro, Ont., 
Canada. 

DUTTON, THOMAS DILLWYN, Electrical 
Engineering Assistant, Boston Elevated 
Railway, Boston; res., 83 Brattle St., 
Cambridge, Mass. 

EGAN, JOHN W., Assistant to Distribution 
Engineer, Northern Ohio Traction & Light 
Company; res., 29 Cole Ave., Akron, Ohio. 

*ELLMAN, JACOB IRVIN, Electrical Esti- 
mator, Peoples Electric Company, 457 No. 
2nd St., Philadelphia, Pa. 


*ELLSWORTH, CHARLES DE ROY, Sales: 


Engineer, Century Electric Company, St. 
Louis, Mo.; res., 4624 1st Ave. S., Minnea- 
polis, Minn. 

*ENGLAND, GLENN L., Electrical Drafts- 
man, Western States Gas & Electric Com- 
pany, Stockton, Calif. 

*ENGQUIST, VICTOR EMANUEL, Valuation 
Engineer, St. Paul Gas Light Company; 
res., 931 Clark St., St. Paul, Minn. 

*ERB, HENRY GUY, Industrial Division, 
Westinghouse Elec. & Mfg. Co., 165 Broad- 
way, New York, N. Y.; res., Caldwell, N. J. 

*ESTABROOK, HARRY EUGENE, Engineer, 
New York Telephone Company, 104 Broad 
St.; res., 227 N. High St., Mt. Vernon, N. Y. 

*EWING, EDWARD RAYMOND, Equipment 
Attendant, American Tel. & Tel. Company, 
125 Milk St., Boston, Mass. 

*FEE, HERBERT McCLELLAN, Engineer, 
Wew York Telephone Company, 227 E. 
30th St.;  res., 610 Riverside Drive, New 
York, N. Y. 

FLACHS, EMIL E., Draftsman, 3677 Cook 


Ave., St. Louis, Mo. 

FLICKINGER, FLOYD S., Engineer, The 
Pacific Tel. & Tel. Co.; res., 1968 26th 
Ave. N., Seattle, Wash. 


*FORSTER, CYRIL, Office Assistant to Resident 
Engineer, Dept. of Public Highways, Kings- 
ville, Ont., Canada. 

FRANZ, HECTOR A., Transmission Tester, 
The Pacific Tel. & Tel. Company, Telephone 
Bldg., Seattle, Wash, 

*FROST, LAURENCE EWING, Student Engi- 
neer, Western Electric Company, 463 West 
St.; res., 3089 Broadway, New York, N. Y. 

FULLER, WALLACE JOSEPH, Line Foreman, 
Bureau of Power & Light, City of Los 
Angeles, Public Service Bldg.; res., 211 8. 
Chicago St., Los Angeles, Calif. 


*GABRIEL, RALPH FRANK, Electrician, 


Baltimore & Ohio Railroad Company, 
Clifton; res., 25 Brighton Ave., New Brigh- 
ton; isle INGLY. 

GARDNER, JOHN EDWARD, Telephone 


Engineer, Patent Dept., Automatic Electric 
Company, 947 W. Van Buren St., Chicago, 
Tl. 

GEMMELL, ROBERT, Hydro-Electric Power 
Commission, Strachan Avenue; res., 228 
St. Clarens Ave., Toronto, Ont., Canada. 

*GLACY, EDWARD WILLIAM, Commercial 
Engineering, Central Hudson Gas & Electric 
Company, 50 Market St., Poughkeepsie, 
INfy NSS 

GOODERHAM, JOHN WESLEY, Telephone 
Engineer, Western Electric Company, Inc., 
463 West St., New York, N. Y. 

*GRANT, ALLAN QUARTON, Estimator, 
Western Electric Company, Inc., Hawthorne 
Station; res., 3708 Lexington St., Chicago, Ill. 


GRAY, BURDETTE F., Travelling Meter Man, 
Canadian Westinghouse Company, Ltd., 
Hamilton, Ont., Canada. 

*GRAYMAN, JACOB, Jr., Electrical Engineer, 
Transit Commission, 49 Lafayette St., New 
York; res., 25 Siegel St., Brooklyn, N. Ne 

GREEN, RAYMOND V., Electrical Engineer, 
Victoria Paper Company; res., 512 Erie St., 
Fulton, N. Y. 

GRIFFIN, GILBERT, Installation Foreman, 
Western Electric Co., Inc., 84 Marion St., 
Seattle, Wash. 

*GRIMES, DAVID, Engineer, American Tel. & 
Tel. Company, 195 Broadway, New York, 
Ne Ys 

GROSS, JAY C., Electrical Superintendent, 
Stackpole Carbon Company, St. Marys, Pa. 

GROVER, FRANK IRVING, Engineer, Engi- 
neering Dept., Kansas City Power & Light 
Company; res., 819 Smith Ave., Kansas 
City, Mo. 

HAINES, HAROLD G., Electrical Designer, 
Morgan & Wright, Jefferson Ave. & Bellevue, 
Detroit, Mich. 

*HANNAH, PAUL DIXON, Student Engineer, 
Transmission & Protection Engineering Dept., 


Southwestern Bell Telephone Co.; res., 
3942 Lindell Blvd., St. Louis, Mo. 
*HARTMANN, FRANK JACOB, General 


Tester, New York Edison Company, 92 Van- 
dam St., New York; res., 63 Greene Ave., 
Brooklyn, N. Y. 

HAWLEY, IRVING GOODRICH, Load Dis- 
patcher, Adirondack Power & Light Corp., 
2518 Broadway ;res., 705 16th St., Watervliet, 
INGE. 

HEDGES, CHARLES O., Sales Engineer, Cen- 
tury Electric Company, 1827 Pine St., St. 
Louis, Mo. 

*HERSHEY, CARL GORHAM, Assistant Chief 
Electrician, American Smelting & Refining 
Company; res., Y. M. OC. A., Omaha, Nebr. 

HILLER, CARL A., Salesman, Buckeye Equip- 
ment Company; res., 2307 Ohio Ave., Cin- 
cinnati, Ohio. 

*HOLLEY, ARTHUR FRANKLIN, Student En- 
gineer, Carolina Power & Light Company, 
Raleigh, N. C. 

HOMAN, EDMUND LEWIS, Turbine Engi- 
neer, General Electric Company, W. Lynn; 
es., 14 State St., Marblehead, Mass. 


*HOOKE, ROBERT GAY, Laboratory Assis- 
tant, Public Service Electric Company; res., 
84 Mt. Pleasant Ave., Newark, N. J. 


HORN, CHARLES, Electrician, Consolidated 


Shipbuilding Corp., Morris Heights; res., 325 
E. 163rd St., New York, N. Y. 
*HOUGH, WILLIAM E., Testing Dept., Com- 


monwealth Edison Company, Chicago; res., 
831 N. Ridgeland Ave., Oak Park, Ill. 
HUGO, WILLIAM JAMES, Sales Engineer; 
res., 650 East Johnson St., Madison, Wis. 
HULL, ALEM PRICE, President, The Gas & 
Electric Shop, Inc., Montgomery, Penn. 
*HYMAN, WILLIAM H., Electrical Instructor, 
Board of Education, Borden & Van Alst 


Aves., Long Island City; res., 127 7th St., 
New York, N. Y. 
IRVINE, ROBERT P., Trouble Dept., Cleveland 


Electric [luminating Company; res., 3501 
Storer Ave., S. W., Cleveland, Ohio. 
JACKSON, WILSON ANTHONY, Asst. Sup- 


erintendent of Telegraph, 
Railroad, Detroit, Mich. 

*JICKLING, ROBERT WILLIAM, Testing 
Engineer, City of Winnipeg Hydro-Electric 
System; res., 396 Victor St., Winnipeg, Mani- 
toba, Can. 

JOHN, GEORGE H., Electric Designer, Dept. 
of Street Railway, 312 Marquette Bldg.; 
res., 8410 Maxwell Ave., Detroit, Mich. 

* JONES, JOHN WANDESFORD, Assistant 
Inspector, Station Construction Dept., Phila- 
delphia Electric Co., Philadelphia, Pa.; res 
328 Cooper St., Camden, N.J. 


Michigan Central 


” 


Journal A. I. K. E. 


KATAYAMA, SIGERU, Electrical Engineer, 
Ujigawa Electric Power Company; Mitsui 
& Co., 65 Broadway, New York, N. Y. 

*KATZ, HENRY ALBERT, Sales Engineer, 
Railway & Industrial Engineering Company, 
Greensburg, Pa. 

*KAYLER, KENNETH WARD, 1110 Center 
St., Wilkinsburg, Pa. 

KING, HARRY CLARENCE, Salesman, Gen- 
eral Electric Company, Provident Bank Bldg., 
Cincinnati, Ohio. 

KLINGE, RICHARD AUGUST, Builder, Owner 
& Constructor of Telephone Plants; res., 301 
Columbia St., Pasco, Wash. 

KLUGER, ALBERT, Jr., Electrical Engineer, 
Transit Commission, 49 Lafayette St.; res., 
525 W. 175th St., New York, N. Y. 

KLUGMANN, GUSTAV F., Jr., Electrician, 
American Bakery Company; res., 4911 S. 
Compton Ave., St. Louis, Mo. 

KNIESZNER, WILLIAM TOBIAS, Patent 
Attorney, Emery, Varney, Blair & Hoguet, 
149 Broadway, New York, N. Y. 

*KNOWLES, EVERETT HOWLAND, Tenis 
Electrical Engineer, Chile Exploration Com- 
pany, Tocopilla, Chile, S. A. 

*KNOX, ADELBERT D., Special Assistant to 
President, Connecticut Company, New Haven; 
res., 77 Alpine Ave., Bridgeport, Conn. 

KNOX, EDWARD THORNTON, Foreman, 
Westinghouse Electric & Mfg. Company, 


Hell Gate Power Station, New York N. Y.; | 


917 3rd Ave., Richmond, Va. 

*KNUT, ALEXANDER, Electrician, Merchants 
Refrigerating Company, 17th St. & 10th Ave., 
New York; res., 2954 Amboy Road, Oak- 
wood Heights, S.I., N. Y. 

*LAWSON, FRANK IRWIN, Electrical Con- 
struction, Mt. Shasta Power Company, 
Fall River Mills; res., 501 B St., Marysville, 
Calif. 

LEIGHTON, CHARLES LESTER, Manager, 
Minnesota Electric Light & Power Company, 
109 West Broadway, Cushing, Okla. 

*LEINBACH, ARTHUR RICK, Assistant Elec- 
trical Engineer, Metropolitan Edison Co.; 
res., 137 Walnut St., Reading, Pa. 

*xLINDSTROM, L. O. B., Testing Dept., Gen- 
eral Electric Company; Edison Club, Schen- 
ectady, N. Y. 

*LOOMIS, ALVIN J., Construction Work, Wes- 
tern Electric Company; res., 5632 49th Ave., 
S. W., Seattle, Wash. 

*LOVATT, HAROLD S., Load Dispatcher, West 
Penn Power Company; res., Springdale, Pa. 

*MACAROW, FRED G., Assistant Engineer, 
American Tel. & Tel. Co., 195 Broadway, 
New York; res., 17 Fort Greene Place, Brook- 
vate Nie Y 2 

MACDONALD, GEORGE A., Engineer, Dis- 
tribution Dept., City of Los Angeles, Bureau 
of Power & Light, Public Service Bldg., Los 
Angeles, Calif. 

MACKAY, WILLIAM ROY, Engineer, Davison 
Chemical Company, Curtis Bay; res., 327 E. 
Lanvale St., Baltimore, Md. 

MacPADDEN, AUGUSTUS LEO, Cost Super- 
visor, Manufacturing General Dept., General 
Electric Company, Schenectady, N. Y. 

MARK, FRANCIS PAUL, General Line Fore- 
man, Depew & Lancaster Light, Power & 


Conduit Company; res., 9 Maple Ave., 
Lancaster, N. Y. ‘ 
*MARTIN, WENDELL L., Engineer, Test- 


ing Laboratory, General Electric Company; 
res., 1445 Taylor St., Ft. Wayne, Ind. 
MARTINET, EUGENE F., Experimental Engi- 
neer, P. A. Geier Company; res., 7616 
Union Ave. 8S. E., Cleveland, Ohio. 
MARUYAMA, SHIGERU, Manager of Rolling 
Stock & Repair Shop, Hanshin Electric 
Railway Company, Osaka, Japan; Mitsui & 
Company, 65 Broadway, New York, N. Y. 


MASON, WILLIAMSON WILSON, Inspection 
Foreman, Western Electric Company, 


1196 E. Grand St.; res 
Elizabeth, N. J. 


, 852 Jersey Ave., 
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MATHEWSON, DANA, Eastern Massachusetts, 
Street Railway Company; res., 190 Washing- 
ton Ave., Chelsea 50, Mass. 

MAULDIN, THOMAS RODOLPHUS, Hydro- 
Electric Station Operator, Georgia Railway 
& Power Co., Tallulah Lodge, Ga. 

MAXWELL, JOHN FRANCIS, Electrical 
Checker & Designer, Stone & Webster, 

_ Ine., 147 Milk St., Boston, Mass. 

*MAYER, ALBERT F., Engineer, American 


Tel. & Tel. Company, 195 Broadway, New 
1 York, N. Y. 


McCULLOUGH, LEE W., Assistant in Engi- 
neering Dept., United Electric Light & 
Power Company, 130 E. 15th St., New York, 
Nc Ye 

*McGEOCH, RAE, Electrical Draughtsman, 
Canadian General Electric Company, 212 
King St. West, Toronto, Ont., Canada. 


McKAY, JOHN ANDERSON, General Secre- 
tary, Electric Supply Manufacturer's Asso- 
ciation, 24 Adelaide St. West, Toronto, 
Ont., Canada. 

*McKEE, ROSCOE CLYDE, Engineering 
Dept., Northern Ohio Traction & Light 
Company, Akron, Ohio. 

McLOAD, KENNETH, Sales Engineer, West- 
inghouse Electric & Mfg. Company, St, 
Louis, Mo. 

MESSENT, KEITH S., Testing Dept., British 
Thomson-Houston Co., Ltd., Rugby, Eng. 

MESSNER, ROY LEONARD, Transmission 
Maintenance Engineer, The Pacific Tel. & 
Tel. Company, 309 E. 8th St., Los Angeles, 
Calif. 

MILLER, FRANK D., Laboratory Assistant, 
Kansas City Power & Light Company; 
res., 2043 Lister Ave., Kansas City, Mo. 

*MILLER, GEORGE WALLACE, Supervising 
Engineer, Commonwealth Electric Company ; 
res., 1509 Laurel Ave., St. Paul, Minn. 

MILLER, JOHN H., Master Mechanic, William 
Wharton Jr. & Company, Inc., Easton, Pa. 

*MILLER, JAMES SHANNON, Jr., Assistant 
Professor of Experimental Engineering, 
University of Virginia, University, Va. 

*MILLER, REXWELL DELBERT, Student 
Engineer, Pacific Tel. & Tel. Company, 
Sheldon Bldg., San Francisco; res., 2115 
Hearst Ave., Berkeley, Calif. 

MINTEER, EDWIN CAMPBELL, Salesman, 
Westinghouse Electric & Mfg. Co., 425 EB. 
Water St., Milwaukee; Madison Olub, 
Madison, Wis. 

*MITCHELL, JAMES A., Electrical Engineer: 
Hartford Electric Light Company, Hartford; 
res:, 1 Greene Terrace, East Hartford, Conn. 

MOON, J. LESLIE, Induction Motor Engineer- 
ing Dept., General Electric Company; 
res., 2919 Shawnee Drive, Ft. Wayne, Ind. 

*MOORE, CORMAN E., Engineering Assistant 
to Vice-President, The Cleveland Railway 
Company; res., 13705 McElhatten Ave., 
Cleveland, Ohio. 

MOORE, MAURICE ARTHUR, Inspector of 
Electrical Materials, Bureau of Engineering 
Navy Dept.; 600 Terminal Annex Bldg., 
Philadelphia, Pa. 

MUMMA, ROBERT W., Foreman, Electrical 

; Construction, H. C. Felver, Pottsville; 
res., 20 N. 4th St., Steelton, Pa. 

MURAMOTO, DAVID KITARO, 747 E. 36th 
St., Chicago, Ill. 

NAGEL, HARRY L., Sales’ Correspondent, 
Wagner Electric Mfg. Company, 6400 Ply- 
mouth Ave., St. Louis, Mo. 

NANEY, EDMUND PAUL, Construction Super- 
intendent, Interstate Power Company, 
McGregor, Lowa. 

NEAL, ALBERT G., Assistant Manager, Fitch- 
burg Gas & Electric Light Company, 537 
Main St., Fitchburg, Mass. 
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*NELSON, ARTHUR REYNOLD, Cadet 
Engineer, Public Service Electric Company of 
N. J., Camden; res., 228 Christiana St., 
Brooklawn, N. J. 


NESBIT, HARVEY D., Chief Substation 


Inspector, San Joaquin Light & Power 
Company; res., 1231 Glenn Ave., Fresno, 
Calif. 


*NEWELL, NORMAN ALBERT, Telephone 
Engineer, American Tel. & Tel. Company, 
195 Broadway, New York, N. Y.; res., 87 
Palisade Ave., West Hoboken, N. J. 

NEWTON, ROBERT KEITH, Small Motor 
Section, Sales Dept., Wagner Electric Mfg. 
Company; res., 5240 Paulina Place, St. 
Louis, Mo. 3 

*NORTHROP, BURDETTE K., Instructor in 
Electrical Engineering, Cornell University; 
res., 209 College Ave., Ithaca, N Y. 

OKTAY, SULEIMAN 1T., Meter’ Tester, 
Northern Ohio Traction & Light Company, 
Terminal Bldg., Akron, Ohio. 

OPPERMANN, RICHARD HERBERT, Elec- 
trical Tester, Philadelphia Electric Company, 
Philadelphia; res., 234 S. 5th St., Darby, 
Penn. 

*OSBURN, ORREN EDGAR, Student Engineer, 
General Electric Company; res., 153 Barrett 
St., Schenectady, N. Y. 

O’SULLIVAN, ROBERT JOHN, ‘Telephone 


Operator, Avalon Telephone Company, 
Ltd., St. Johns, Newfoundland. 
PADUAN, NICHOLAS, Electrician, Copper 


Range Railroad Company, Houghton, Mich. 

*PAT, MING HSING, Student Engineer, General 
Electric Company, Schenectady, N. Y.; 
1 Pau Zen Lee, Pau Tong Road, Shanghai, 
China. 

*PALMER, RAYMOND J., Electrician, Oxford: 
Mich. 

PARKER, HARRY ANGUS, Manager, Nelson 
Office, Canadian General Electric Company, 
Ltd., Nelson, B. C. 

PAXTON, EARL B., Instructor in Electrical 
Engineering, A. & M. College of Texas, 
College Station, Texas. 

*PETERS, LEO JAMES, Instructor in Electrical 
Engineering, University of Wisconsin, Madi- 
son, Wis. 

PETTY, JAMES HOWARD, Shop Foreman, 
Cabin Creek Consolidated Coal Company, 
Kayford, W. Va. 

POOLE, FOSTER MALIC, Engineer, St. Louis 
Electric Bridge Company, 3725 N. Broad- 
way, St. Louis, Mo.; res., 226 Fourth St., 
Edwardsville, Il. 

POWERS, CHARLES FRANCIS, Corres- 
pondent, Westinghouse Elec. & Mfg. Com- 
pany, E. Pittsburgh; res., 414 Biddle Ave., 
Wilkinsburg, Pa. 

PRADHAN, WAMAN BHASKER, Construc- 
tion Engineering Dept., General Electric 
Company; res., 740 Eastern Avenue, 
Schenectady, N. Y. 

QUIGLEY, ALEXANDER, Operator in charge, 
Toronto Station, Hydro Electric Power Com- 
mission, Terminal Station, 6 Strachan Ave., 
Toronto, Ont., Canada. 

RAY, GEORGE HARVEY, Switchboard En- 
gineer, Westinghouse Electric & Mfg. Com- 
pany, 1906 Pine St., St. Louis, Mo. 

*RICE; GEORGE RUSSELL, Engineering Dept., 
Puget Sound Power & Light Company, 
Tacoma; res., Puyallup, Wash. 

ROBERTS DONALD E., X-Ray Technician, 
U. 8. Public Health Service, Waukesha, Wis. 

ROBINEAU, RAPHAEL HENRY, Electrical 
Engineer, Chilian Electric Tramway & Light 
Company, Ltd., Casilla 1557, Santiago, 
Chile, S. A. 

ROCK, GEORGE D., Instructor in Electrical 
Engineering, Catholic University of America, 
Washington, D. C. 
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*RODE, NORMAN FREDERICK, 3rd Assist- 
ant Engineer, Sinclair Navigation Company, 
Chronical Bldg., Houston, Texas; res., 1821 
Audubon St., New Orleans, La. 

ROEHRICH, WILLIAM H., Proprietor, Utility 
Battery Service; 665 Northampton S8t., 
HKaston, Pa. 

*ROHRECKER, LOUIS ROBERT, Assistant 
Engineer, United Electric Light & Power 
Company, 15th St. Irving Place; res., 2147 
Blackrock Ave., New York, N. Y. 

*ROSE, BERNARD, Electrical Engineer, 113 
Belmont Ave., Brooklyn, N. Y. 

*ROSS, JOHN L., Load Dispatcher, Pittsburgh 
Railways, Pittsburgh; res., 1420 Elm St., 
Wilkinsburg, Pa. 

*RUPP, WELLINGTON, Assistant Engineer, 
Dept. of Public Works of Washington, Capi- 
tol Bldg.; res., 205 E. 10th, Olympia, Wash. 

*RYAN, PHILIP, Electrical Engineer, Cutler- 
Hammer Mfg. Company; res., 174 13th St., 
Milwaukee, Wis. 

*RYDER, MILTON PHILLIPS, Student, Cali- 
fornia Institute of Technology; Operator, 
Southern California Edison Company; res., 
137 S. Los Robles Ave., Pasadena, Calif. 

*SAHLMANN, FRANK LOUIS, Testing Dept., 
General Electric Company; res., 101 6th Ave., 
Schenectady, N. Y. 

SAYRE, WILLIAM LOUIS, Partner, The Sayre- 
Level Radio Company, 905 Filbert St., 
Philadelphia, Pa. 

SCHNEIDER, WILLIAM LEWIS, Electrician, 
Navy Yard, Building No. 41, Brooklyn; res., 
310 Freeman Ave., Long Island City, N. Y. 

SCHRADER, FRANK JOSEPH, Erecting Dept., 
Iowa Railway & Light Company, Cedar 
Rapids, Lowa. 

SEAL, TONG GARRETT, Superintendent of 
Distribution, Virginia-Western Power Com- 
pany, Buena Vista, Va. 

*QBHARLE, WILLIAM J., JR., Chief Locator, 
Underground Dept., The Philadelphia Elec- 
tric Company, Philadelphia; res., 806 EH’ 
Glenn Terrace, Chester, Pa. 

*SELLKE, FRED A., Assistant Switchboard 
Operator, West Penn Power Company, New 
Kensington, Pa. 

SELLMAN, ALBERT H., Assistant Electrical 
Engineer, Bureau of Standards, Washington, 
D.C. 

SHUMAKER, RAYMOND LEE, Designer, 
Dayton Engineering Laboratories Company, 
Dayton; res., 668 8. Detroit St., Xenia, Ohio, 

*STDENFADEN, OSCAR LOUIS, Student Engi- 
neer, Testing Dept., General Electric Com- 


pany; res., 1504 Union St., Schenectady, 
INEM: 

SLEEPER, HARVEY PRESCOTT, Relay En- 
gineer, Supply Engineering Dept., West, 
inghouse Electric & Mfg. Co., E. Pittsburgh 
Pa. 


*SMIDDY, HAROLD FRANCIS, Service En- 
gineer, West Penn Power Company; res., 
526 8. Graham St., Pittsburgh, E. E., Pa. 

xSMITH, LANSING TAYLOR, JR., Office Engi- 
neer, Northern Division, Alabama Power 
Company, Huntsville, Ala. 

SMITH, STANLEY, HOWARD, Toll Test- 
boardman, The Pacific Tel. & Tel. Com- 
pany; res., 4315 West Hinds St., Seattle, 
Wash. : 

SMITH, THOMAS IRA Electrical Engineer, 
Henningson Engineering Company, 12th & 
Harvey Sts.; res., 4336 Wakeley St., Omaha, 
Neb. 

*SPENCE, PAYTON WESTBROOK, Long Line 
Engineering Dept., American Tel. & Tel. Co., 
195 Broadway, New York; res., 54 Sedgwick 
Ave., Yonkers, N. Y. 

SPOFFORTH, WALTER, Chief Engineer-Master 
Mechanic, Montgomery Ward & Company; 
res., 714 Hamline Ave. N., St. Paul, Minn. 
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SPRATLEY, JAMES BECKWITH, Telephone 
Engineer, Chesapeake & Potomac Telephone 
Company, Washington, D. C.; 202 38th St., 
Norfolk, Va. 

STARBIRD, LEVI C., Instructor in Electrical 
Engineering, University of Arkansas; res., 
426 Vandeventer Ave., Fayetteville, Ark. 

*ST. CLAIR, WARD KENT, Student, Montana 
State College, Glasgow, Mont. 

STEERUP, GODFREY, Research Chemist, 
Schweitzer & Conrad, Inc.; res., 2218 Sedg- 
wick St., Chicago, Ill. 

STEVERS, HAROLD D., Salesman, Electrical 
Engineers Equipment Company, 35 South 
Desplaines St., Chicago, Ill. 

STEWART, GEORGE RAY, General Wire Chief, 
Illinois Central Railroad, 135 E. 11th Place, 
Chicago, Ill. 

STILLWELL, WALTER I., Electrical Designer, 
Dwight P. Robinson & Company, Inc., 
Grand Central Palace, New York, N. Y. 

*STOUT MELVILLE B., Assistant Electrical 
Engineer, Westinghouse Air Brake Co. 
Wilmerding; res., Woodruff St., Pittsburgh, 
Pa. 

STRONG, JOHN S., Instructor in Electrical En- 
gineering, University of Wisconsin, Madison, 
Wis. 

*STRYKER, NORMAN RANSAVELL, En- 
gineer, Transmission Dept., Western Electric 
Co., 463 West St., New York, N. Y.; res., 
204 Jackson St., Trenton, N.. J. 

SULLIVAN, R. S., Research Engineer, North 
East Electric Company; res., 15 Orlando St., 
Rochester, N. Y. 

SWAIN, EARL HAZZARD, Electrical Engineer, 
Stephen Sanford & Sons, Inc.; res., 15 Div- 
sion St., Amsterdam, N. Y. 

SWANEY, JAMES WILFRED, 
neer, Lake Coleridge Power Station, 
Coleridge, N. Z. 

*TANNER, ALTA ROY, Student Engineer, 
General Electric Company; res., 320 Os- 
trander Place, Schenectady, N. Y. 

TAYLOR, CHARLES C., Transmission Tester, 
American Tel. & Tel. Company, 606 Tele- 
phone Bldg., Denver, Colo. 

TAYLOR, JOSHUA WILLIAM, Electrical 
Superintendent, General Necessities Corp.; 
res., 4855 Linsdale Ave., Detroit, Mich. 

THALHEIMER, ULRICH STEPHEN, Student 
Engineer, Pacific Tel. & Tel. Company; 
res., 1567 Jones St., San Francisco, Calif. 

THATCHER, R. E., Superintendent, Service 
Dept., Puget Sound Power & Light Com- 
pany, Electric Bldg., Seattle, Wash. 

THOMSON, ARCHIBALD, Shift Engineer, 
Addington Substation, Lake Coleridge 
Hydro-Electric Scheme, Christchurch, N. Z. 

*TOLLISON, PAUL LINDSY, Professor of 
Science & Coach, Piedmont Institute, 
Waycross, Ga. 

TOPHAM, BERTRAM JOHN, Electrical Main- 


Second Engi- 
Lake 


tenance, Swift Canadian Company, Union 
Stock Yards; res., 134 Vine Ave., Toronto, 
Ont., Canada. 


*TOUSSAINT, RICHARD PHILIP, Engineer- 
ing Draftsman, New York Central Railroad, 
466 Lexington Ave.; res., 3156 Hull Ave., 
New York, N. Y. 

*TRANT, JAMES LEO, Engineer, Small 
Motor Dept., General Electric Company, 
Ft. Wayne; res., 438 S. Walnut St., Hart- 
ford City, Ind. 

*TURNER, CLINTON H., Haverhill 
North Reading, Mass. 

*VAN NEST, PERCIVAL CHRISTIAN, Test- 
ing Dept., Public Service Company of 
Northern Illinois, 72 W. Adams St.; res., 
5008 W. Erie St., Chicago, Ill. 

*VAN VALKENBURG, KENNETH H., Elec- 
trical Designer, Electric Bond & Share 
Company, 71 Broadway, New York; res., 
8509 107th St., Richmond Hill, N. Y. 

VILLIERS, WILLIAM ROBERT, Electrical 
Foreman, Wilson-McGovern Company; res., 
318 Logan Ave., Toronto, Ont., Canada. 


Street, 


VINCENT, FREDERICK JOHN, Testing 
Dept., Toronto Hydro-Electric System, 
226 Yonge St., Toronto; Lansing, Ont., 
Canada. 


VON NORMANN, ALFRED GEORGE, Testing 
Dept., General Electric Company;  res., 
24 Wagle St., Schenectady, N. Y. 

WALL, JAMES J., Paper Mill Specialist, Mil- 
waukee Office, General Electric Co., 430 
Public Service Bldg., Milwaukee, Wis. 

WALLACE, THOMAS ARTHUR, Sales Cor- 
respondent, Wagner Electric Mfg. Company ; 
res., 3942 Folsom Ave., St. Louis, Mo. 

*WALLS, HOY JAY, Instructor in Electrical 
Engineering, West Virginia University; 
res., 7 8. High St., Morgantown, W, Va. 

*WALTON, ALLYN K., Operator, Heat Balance 
Board, Hell Gate Power Station, United 
Electric Light & Power Co., 134th St. & 
East River, New York, N. Y. 

WAYTS, EDWARD, B., Assistant General 
Manager, Badger Electric Service Company ; 
res., 314 S. Hamilton St., Madison, Wis. 

WEBSTER, LOCKE EDWARD, Installation 
Foreman, Western Electric Co., Inc., 84 
Marion St., Seattle, Wash. 

WELLFORD, A. L., Jr., Engineering Dept., 
Appalachian Power Company, Bluefield, 
W. Va. 

WELLINGTON, HUGO W. H., Electrical Tech- 
nical Engineer, Edison Illuminating Com- 
pany of Boston; res., 23 East St., Dorchester, 
Mass. ' 

WHIPPLE, WILDER C., Foreman, Electrical 
Repair Shop, Puget Sound Power & Light 


Company, 1324 Western Ave., Seattle, 
Wash. 

WHITE, CHARLES FRANK HARFORD, 
Cable Engineer, Western Electric Co., 


Ltd., N. Woolwich, London; res., 31 Beres- 
ford Road, Lowestoft, Eng. 

*WHITE, RUSSELL GREY, Electrical Service 
Inspector, Bureau of Power & Light, City 
of Los Angeles; res., 1800 Hobart Blvd., 
Los Angeles, Calif. 

WHITMAN, ALLEN LEH, Engineer, American 
Tel. & Tel. Company, 195 Broadway, New 
York, N. Y.; Shippensburg, Pa. 

WHITMORE, THOMAS, Central Office Repair- 
man, The Home Tel. & Tel. Company; res. 
W. 819% First Ave., Spokane, Wash. 

WHITTON, WILLIAM H., General Wholesale 
Agent, New York Edison Company, 130 
E. 15th St., New York, N. Y. 

*WILCOXEN, MAX W., Electrical Draughts- 
man, The International Nickel Company; 
res., 615 2nd St., Huntington, W. Va. 

*WILKINS, ROY T., Student Engineer, General 
Electric Company, 24 Baker St., Lynn, Mass. 

WILLIAMS, LESTER W., Department Heed, 


Western Electric Company, Hawthorne 
Station, Chicago, Ill. 

WILLIAMSON, ERROL THOMAS, Sales 
Agent, Power & Mining Dept.,, General 
Electric Company, Monadnock Block, 
Chicago, Il. 

WILLIS, OLO C., Chief Engineer, P. A. Geier 


Company; res., 647 E. 113th St., Cleveland, 


Ohio. 
WILSON, ALBERT EDWARD, Electrical 
Engineering Dept., Hydro-Electric Power 


Commission of Ontario; res., 
Ave., Toronto, Ont., Canada. 

WILSON, WILLIAM A., Chief Operator, 
Western Union Telegraph Company; res., 
612 Cherry St., Bristol, Tenn. 

WINGARD, OSCAR, Chief Draftsman, Bureau 
of Power & Light, City of Los Angeles, 
Public Service Bldg.; Loma Vista & Glendale 
Blvd., Los Angeles, Calif. 

*WISE, RALEIGH JOHNSON, Night Auto- 
matic Chief, Western Union Telegraph 
Company; res., 94 Washington St., Atlanta, 
Ga. 
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*WOLKING, CLIFFORD GALE, Inspector, 
Elec. Installation, Hell Gate Power House, 
Westinghouse Elec. & Mfg. Co.; res., 470 
E, 161st St., New York, N. Y. 

*WOOD, CLAUDE OBERN, Electrical Engineer, 
Goodman Mfg. Company, Halsted & 48th 
Place, Chicago, Ill. 

WOOSTER, LAWRENCE FISHER, Professor 
of Applied Electricity, Oregon Agricultural 
College, Mechanical Hall, Corvallis, Ore. 


*WYMAN, LEE EDGAR, Student, School of 
Engineering of Milwaukee; res., 306 Lyon 
St., Milwaukee, Wis. 

YAMADA, YASUTARO, Chief Electrical 
Engineer, Keibin Electric Power Oo., 13-2 

Chome, Kobikicho, Kyobashi, Tokyo, Japan. 

*ZERBE, PARIS JOHN, Designer, Philadelphia 
Electric Company; res., 3827 N. Franklin 
St., Philadelphia, Pa. 


*Formerly Enrolled Students. 
Total 285. 


ASSOCIATES REELECTED FEBRUARY 16, 
1922 


ALDER, GEORGE W., Consulting Engineer, 
Good Housekeeping Institute, 105 W. 39th 
St., New York, N. Y. 


*BECK, CLIFFORD C., Assistant Chief 
Engineer, The Ohio Brass Company, Mans- 
field, Ohio. . 


BYRON, JOHN P., Engineer & Salesman, 
Hotel Wintonia, Seattle, Wash. 


PAYNE, LEWIS, General Superintendent, Vir- 
ginia-Western Power Company, Clifton 
Forge; res., 210 N. Maple Ave., Covington, 
Va. 

PEARCE, JOHN HENRY, Designing Engineer, 
Skagit River Power Dept., City of Seattle, 
110 Cherry St., Seattle, Wash. 

STEIN, HERMAN K.,, Superintendent & 
Electrical Engineer, Genesee Light & Power 
Company; res., 212 State St., Batavia, N. Y. 


MEMBERS ELECTED FEBRUARY 16, 1922 


BOREL, ARNOLD, Director of Cables, 
Berthoud Borel Company, Cortaillod, Swit- 
zerland. 

DALTON, WILLIAM HERBERT, Electrical 
Engineer & Manager, Dalton-Marsh Com- 
pany, Danvers; res., 1 Devereux Ave., 
Salem, Mass. 

DODD, HAROLD, Lieutenant-Commander, 
Navy Dept., Washington, D. C.; U. S. 
Naval Air Station, Pensacola, Fla. 

GEENENS, LEO, Electrical Engineer, Hershey 
Corporation and Hershey Cuban Railway 
Co., Central Hershey, Province of Habana, 
Cuba. 

HALLOCK, FLETCHER D., Textile Engineer, 
Westinghouse Electric & Mfg. Company, 
10 High St., Boston; res., Riverbank Road, 
Cambridge, Mass. 

HUNT, HENRY JAMES, Assistant Engineer, 
with Daniel W. Mead & OC. V. Seastone, 
State Journal Bldg.; res., 2146 Keyes Ave., 
Madison, Wis. 

JOHNSTON, J. MCLEAN, Power Engineer & 
General Purchasing Agent, Klots Throwing 


Co.; National Spun Silk Co., 440 4th Ave., , 


New York; res., 624 Marlborough Road, 
Brooklyn, N. Y. 

SMITH, THOMAS ARTHUR, Assistant Chief 
Electrical Engineer, The Havana Central 
Railroad Company, Central Station, Havana, 
Cuba. 


SPIELMAN, MILTON H.., Electrical Engineer, 


Domestic Electric Company, Cleveland, 
Ohio. 


TOLTZ, MAX, Consulting Engineer, President, 


Toltz King & Day, Inc., 1410 Pioneer Bldg., 
St. Paul, Minn. 


WRIGLEY, GEORGE, Electrical Engineer, 
J. E. Sirrine & Company, Greenville, 8. C. 


Mar. 1922 


TRANSFERRED TO GRADE OF FELLOW 


FEBRUARY 16, 1922 


BRIGHT, GRAHAM, Engineer-in-Charge, 
Mining Section, General. Engg. Dept., 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh, Pa. 


TRANSFERRED TO GRADE OF MEMBER 
FEBRUARY 16, 1922 


FLOYD, F. N., Assistant, Electrical Engineering 
Div., Dwight P. Robinson & Co., Inc., 
New York, N. Y. 

GOLDING, JOSEPH N., Vice-President & 
General Manager, Mailhouse & Golding 
Inc., New Haven, Conn. 

LEHURAUX, LOUIS, International 
Electric Co., Schenectady, N. Y. 

MIRICK, CARLOS B., Vice-President, National 
Electrical Supply Co., Washington, D. C. 

PEET, JAMES C., Professor of Electrical Engin- 
eering, College of Engineering of Newark 
Technical School, Newark, N. J. 

SAUNDERS, LLEWELLYN, Partner, Saunders 
& Sorrell, Norfolk, Va. 

SCHARNBERG, HERMAN J. B., General 
Superintendent, Palma Soriana Sugar Co., 
Oriente, Cuba. 

STEWART, CHARLES C., Chief Electrical 
Engineer, Sinclair Refining Co., Chicago, 
Ill. 

STORY, EDWARD C.,, 
Engineer, with Dr. 
Allentown, Pa. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meetings held 
January 9 and February 10, 1922, recommended 
the following members of the Institute for transfer 
to the grade of membership indicated. Any 
objection to these transfers should be filed at 
once with the Secretary. ‘ 


To Grade of Fellow 


NORTON, WILLIAM J., Member of Firm, 
Norton, Bird & Whitman, Newark, N. J. 


To Grade of Member 


BOYRER, WILLIAM C., Electrical Engineer, 
Public Service Commission, New York, N. Y. 

DILL, GEORGE C., Designing Electrical Engi- 
neer, Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

HARSEIM, HENRY, W. V. Pangborne & Co., 
Philadelphia, Pa. 

PRESCOTT, RICHARD D., Inspector General 
Tel. & Tel. Panama Government, Panama, 


General 


Supervising Cost 
Thomas Conway, Jr., 


Ry. Ps 
ROBERTS, DOUGLAS A., General Supt., 
Southern Illinois Railway & Power Co., 


Harrisburg, Ill. 
STEIN, HERMAN K., Supt., & Electrical En- 
gineer, Genesee Light & Power Co., Batavia, 
IN Ses . 
WEBB, LEWIS W., Master Electrician, U. Ss. 
Navy Yard, Norfolk, Va. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Secre- 
tary from the following candidates for election 
to membership in the Institute, the list indicating 
the geographical district and Section in which the 
applicant is at present located. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before February 28, 1922. 


Geographical District No. 1 


Boston Section 
Hunter, Cecil W., Boston, Mass. 
Kalley, Oscar, Boston, Mass. 
Pye, Harry A., Boston, Mass. 

Connecticut Section 
Cox, Grover A., New Haven, Conn. 
Harris, Benjamin M., New Haven, Conn. 
Mitchell, William H., New London, Conn. 


INSTITUTE AND RELATED ACTIVITIES é 


Lynn Section 
Hollnagel, Herbert P., Lynn, Mass. 


Rochester Section 
Payne, Burton R., Lancaster, N. Y. 


Schenectady Section 
Cogswell, Burnham, Schenectady, N. Y. 
Ennis, Donald A., Schenectady, N. Y. 
Geue, John E., Schenectady, N. Y. 
Saupe, William H., Schenectady, N. Y. 


Syracuse Section } 
Connell, Harvey F., (Member), Baldwinsville, 
N.Y 
Jones, David A., Syracuse, N. Y. 
Williams, Edward Q., Syracuse, N. Y. 


Non-Section Territory 
Loftus, Peter F., Ogdensburg, N. Y. 
Total 16 


Geographical District No. 2 


Akron Section 
Cipperley, Ian, Akron, Ohio 
Baltimore Section 
Adams, Robert L., Baltimore, Md. 
Brittingham, Henry L., Baltimore, Md. 
Nelson, Peter R.,*Baltimore, Md. 


Cleveland Section 
Mussen, William, Cleveland, Ohio 
Wilson, Herbert W., Cleveland, Ohio 


Lehigh Valley Section 
Duncan, Hamilton A., Hauto, Pa. 


Philadelphia Section 
Cleveland, Francis D., Jr., Philadelphia, Pa. 
Donnelly, Joseph B., Philadelphia, Pa. 
Elgin, Charles P., Princeton, N. J. 
Griffith, Charles, Philadelphia, Pa. 
Hoyt, Fanning O., Philadelphia, Pa. 
MacMichael, Hugh N., Germantown, Pa. 


Pittsburgh Section 
Kay, Thomas, Washington, Pa. 
Skooglund, Carl M., Pittsburgh, Pa. 
Tijiattas, Anastassios C., Pittsburgh, Pa. 


Washington, D. C., Section 
Blinston, Chester A., Washington, D.C. 


Non-Section Territory 
Hollar, W. Carter, Shippensburg, Pa. 
Webbe, Harold W., (Fellow), Columbus, Ohio 
Total 19 


Geographical District No. 3 


New York Section 
Anderson, Raymond W., New York, N. Y. 
Bagg, Raymond J., Brooklyn, N. Y. 
Bartlett, Wallace A., New York, N. Y. 
Barton, Henry A., New York, N. Y. 
Baruch, Milton S., New York, N. Y. 
Bogart, George H., New York, N. Y. 
Charlesworth, Harry P., (Member), New York, 

Ne Ys 

Cheston, Albert D., Hoboken, N. J. 
Cooley, Elihu H., New York, N. Y. 
Crosby, Halsey E., New York, N. Y. 
Cully, William L., New York, N. Y. 
Curtis, George S., Paterson, N. J. 
Davis, James L., New York, N. Y. 
De Hunzu, Frank, New York, N. Y. 
Despres, Joseph A., New York, N. V7; 
Duehne, Herman, Jr., New York, N. Y. 
Eaves, Augustus J., New York, N. Y. 
Eddy, Herbert G., New York, N. ¥. 
Ellsworth, William C., New York, N.Y. ' 
Evans, Clair O., (Member), New York, IN Me 
Favaro, Thomas, Jersey City, N. J. 
Fear, Harold J., Hoboken, N. J. 
Finch, William G. H., New York, ING Yar 
Foster, William C., Newark, iNet 
Gerdin, Olaf G., Floral Park, L. I., N. Wis 
Goodman, John M., New York, N. Y. 
Griffin, Charles D., Mt. Vernon, IN Ye 
Haggerty, David D., New York, INs LY. 
Harlow, John B., (Member), New York, IN Xe 
Hewett, Roger S., Long Island City, ING Ys 
Hewitt, Ernest W., New York, N. Y. 
Heyden, Adolf O., New York, INGE Wc. 
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Hoffman, Henry L., New York, N. Y. 

Holway, Edward, Jr., New York, N. Y. 

Howe, Kassan, Mt. Vernon, N. Y. 

Hummler, August, Brooklyn, N. Y. 

Hunt, Arthur E., New York, N. Y. 

Inada, Sannosuke, New York, N. Y. 

Ingalls, Ross D., Elizabeth, N. J. 

Inglis, Alfred H., New York, N. Y. 

Johnson, Edward J., New York, N. Y.. 
Kennedy, William F., Long Island City, N. Y. 
Kinlock, William H., New York, N. Y. 
Knoepke, William L., New York, N. Y. 

Kuhn, George W., (Member), New York, N. Y. 
La Due, William A., (Member), Jersey City, N. J. 
Larlee, Herman A., (Member), New York, N. Y. 
Leavens, Eric, New York, N. Y. 

Leuvelink, Bernard, New York, N. Y. 

Lewis, Charles H., Jersey City, N. J. 

Lyons, George E., Long Island City, N. Y. 
McCarty, George M., New York, N. Y. 
McKinley, Henry C., New York, N. Y. 
Meyerowitz, Paul R., New York, N. Y. 

Milne, Irving J., Long Island City, N. Y. 
Molina, Edward C., (Member), New York, N. Y. 
Muller, John H., Jr., New York, N. Y. 

Oliver, Robert B., New York, N. Y.” 

O’Roark, Lauren S., New York, N. Y. 

Parker, George B., New York, N. Y. 

Porter, Seton, (Member), New York, N. Y. 
Redd, John C., New York, N. Y. 

Richards, William L., New York, N. Y. 

Roberts, Le Roy C., New York. N. Y. 

Rogers, Hurley T., Long Island City, N. Y. 
Rubyor, Harold E., New York, N. Y. 

Rudisill, Wesley H., New Brighton, S.1., N. Y. 
Sanders, Joseph B., East Orange, N. J. 
Schwab, Thomas C., Long Island City, N. Y. 
Stacy, Leland J., (Member), New York, N. Y. 
Stellger, Henry J., Hoboken, N. J. 

Stephens, Charles E., (Member), New York, ING Wie 
Stoskopf, Louis N., New York, N. Y. 

Stott, Robert A., (Member), New York, N. Y. 
Taggart, Dawson M., (Member), New York, N.Y. 
Tallman, William J., New York, N. Y. 
Trumbull, Arthur J., Brooklyn, N. Y. 

Van Duesen, George L., Camp Alfred Vail, N. J. 
Van Etsen, Leo A., New York, N. Y. 

Waechter, Frederick A., Passaic, N. J. 

Ward, Ferdinand J., Jr., New York, N. Y. 
Wheeler, Evan R., New York, N. Y. 

Wilcox, Edgar S., New York, N. Y. 

Williams, Joseph, New York, N. Y. 

Willis, Frederick C., New York N. Y. 

Wolfe, Lester, New York, N. Y. 

Young, Fred A., Astoria, L.1I., N. Y. 

Zeiss, Anthony, New York, N. Y. 


Ziegler, Adolph L., New York, N. Me 


Non-Section Territory 
Cardenas, Armando, Monterey,Mexico 
Total 90 


Geographical District No. 4 


Non-Section Territory 
Ayo, Essie R., Charlotte, N. C. 
Berry, Joel H., Norfolk, Va. 
Gassaway, Crosby M., Sylvan, N. C. 
Orr, Claudius A., (Member), Mayfield, Ky. 
Richardson, H. Leonard, Birmingham, Ala. 
Total 5 


Geographical District No. 5 


Chicago Section 
Carper, Chester O., Chicago, Tl. 
Carr, John O., Chicago, Il. 
Garrett, Anthony M., Chicago, Il. 
Grant, Richard J., Evanston, Il. 
Moore, Daniel E., Chicago, Il. 
Quayle, Frederick R., (Member), Chicago, Tl. 
Roberts, Irving T. (Member), Chicago, Ill. 
Seyferlich, Walter M., Chicago, Tl. 


Detroit-Ann Arbor Section 
Miller, Andrew L., Ann Arbor, Mich. 
Widmer, Jules A., (Member), Detroit, Mich. 


Ft. Wayne Section 
George, Earl B., Ft. Wayne, Ind. 
Shaefer, Earl A., Ft. Wayne, Ind. 
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Indianapolis-Lafayette Section 
Holmes, Frederick, Lafayette, Ind. 


McDermott, John A., (Member), Indianapolis, | 


~ Ind. 

Pavey, Francis L., Lafayette, Ind. 

Pyle, William F., Lafayette, Ind. 
Milwaukee Section 

Eells, M. Merwin, Milwaukee, Wis. 

Love, John S., Milwaukee, Wis. 

Onarheim, James I., W. Allis, Wis. 

Schumacker, William C., Milwaukee, Wis. 

Siegl, A., Wauwatosa, Wis. 


Urbana Section 
Bullions, Cornelius S., Urbana, Ill. 
Total 22 
Geographical District No. 6 


Denver Section 
Anderson, Albert S., Denver, Colo. 
Green, Walter B., Denver, Colo. 
McCabe, J. H., Denver, Colo. 
McCallum, Alexander F., Denver, Colo. 
Nelson, Walter K., Boulder, Colo. 
Slattery, Thomas F., Denver, Colo. 


Minneapolis Section 
Anderson, Joseph W., Minneapolis, Minn. 
Bade, Courtland W., Minneapolis, Minn. 
Kingsley, Norman W., Minneapolis, Minn. 
Meyer, Hans J., Minneapolis, Minn. 
Taylor, John D., Minneapolis, Minn. 

Non-Section Territory 
Burgess, G. Harold, Duluth, Minn. 
Total 12 z 


Geographical District No. 7 


Kansas City Section 
Shutt, Edwin H., Kansas City, Mo. 


Zworykin, Vladimir K., (Fellow), Kansas City, 


Mo. 
St. Louis Section 
Brown, William J., St. Louis, Mo. 
Morris, Rollo C., St. Louis, Mo. 
Samson, Fred W., St. Louis, Mo. 


Non-Section Territory 
Holmes, Jack, Gibson, New Mex. 
Total 6 


Geographical District No. 8 
Los Angeles Section 


Hancock, Winfield Scott, Huntington Park, Calif. 


San Francisco Section 
Pardee, Starr C., San Francisco, Cal. 


Non-Section Territory 
La Montagne, Leslie H., Taft, Calif. 
Reich, Henry L., Manila, P. I. 
Wilkie, David F., Temple, Ariz. 
Total 5 
Geographical District No. 9 


Seattle Section 
Blake, Buel B., Seattle, Wash. 
Gravell, Adolph J., Wenatchee, Wash. 
Haakons, Hugo R., Seattle, Wash. 
Watkins, John W., Seattle, Wash. 


Utah Section 
Osborne, Thomas A., Salt Lake City, Utah 
Total 5 


Geographical District No. 10 


Toronto Section 
Brian, Alfred, (Member), Cobalt, Ont. 
Brace, George A., Toronto, Ont. 
Brake, Reginald L., Hamilton, Ont. 
MacDonald, Roderick N., Port Dahousie, Ont. 


Vancouver Section 
Mainwaring, William C., Vancouver, B. C.. 
Sendey, Albert ©. G., Vancouver, B. C. 
Total 6 


Total Applications Received 186 


FOREIGN 


Santiago Section 
Doxey, William, Taltal, Chile, 8S. A. 
de Mello, Eustaquio G., Brazil, S. A. 
Ghose, Kashi P., (Member), Calcutta, India 


Huntress, Frederick A., Rio de Janeiro, Brazil, 


SrA 


McCabe, William L., Honolulu, T, H. 

Peck, Louis T., (Member), Buenos Aires, Argen- 
tine, S. A. 

Shimidzu, Yoshichiro, Tokyo, Japan 


Total 7 


STUDENTS ENROLLED FEBRUARY 16, 1922 


14541 


14542 
14543 
14544 
14545 
14546 
14547 
14548 
14549 
14550 
14551 
14552 
14553 
14554 
14555 
14556 
14557 
14558 
14559 
14560 
14561 
14562 
14563 
14564 
14565 
14566 


14567 


14568 
14569 
14570 
14571 


14572 


14573 
14574 


14575 
14576 
14577 
14578 
14579 
14580 
14581 
14582 
14583 
14584 
14585 
14586 
14587 
14588 
14589 
14590 
14591 
14592 
14593 
14594 
14595 
14596 
14597 
14598 


14599 
14600 
14601 
14602 
14603 


14604 
14605 
14606 
14607 
14608 
14609 
14610 
14611 


Donnelly, Walter L., Lowell Inst. School 
for Industrial Foreman 
Hafel, Clare P., University of Notre Dame 
Pugh, Morton G., Ohio Northern Univ. 
Teveliet, Rudolph, New York Elec. School 
Lodas, Frank, New York Electrical School 
Koehler, Oscar H., University of Illinois 
Prideaux, Gwilym F., Univ. of Wisconsin 
Leighton, Russell 8., University of Maine 
Matz, Charles A., New York Elec. School 
Hallock, Arthur, New York Elec. School 
Fryer, Baron P., New York Elec. School 
Studer, Clarence R., State College of Wash. 
Ishiyama, Hiitsu, State College of Wash. 
Leahy, Edwin J., State College of Wash. 
Powers, Ralla H., State College of Wash. 
Hubbard, Eben R., Mass. Inst. of Tech. 
Dallye, Frederick R., Mass. Inst. of Tech. 
Bradway, Earl E., Purdue University 
Hurst, Robert O., Purdue University 
Flynn, William P., University of Wisconsin 
Armstrong, Hoyt, Clemson Agri. Coll. 
Fisher, Lloyd H., Rhode Island State Coll. 
Hales, James L., Drexel Institute 
Shaw, Robert P., Mass. Inst. of Tech. 
Alger, Prentiss B., Mass. Institute of Tech. 
Blomquist, Ernest P., Lowell Inst. School 
for Industrial Foreman 


Kreimer, Edward, University of Notre 
Dame 
Yell, Percival B., New York Elec. School 


Sherman, Russel E., N. Y. Elec. School 
Arnold, Joseph S., Case School of App. Sci. 
Eaton, Reginald O., Case School of Applied 
Science 
Cabalek, Edward L., 
Applied Science 
McCoy, Robert L., Case School of App. Sci. 
Morris, Robert M., Case School of Applied 
Science 
Hauf, Joseph C., Jr., Johns Hopkins Univ. 
Vogel, Henry H., Johns Hopkins Univ. 
Schuchts, David E., Johns Hopkins Univ. 
Kinnamon, Lester B., Johns Hopkins Univ. 
Gallotte, Willard A., Worcester Poly. Inst. 
Ross, George O., Tri-State Coll. of Eng. 
Johnson, Ernest E., State College of Wash. 
Stiles, Arthur L., Swarthmore College 
Palmer, Elsa, Swarthmore College 
Schulz, W. A., Swarthmore College 
Randolph, Leslie F., N. Y. Elec. School 
Levenmann, Henry W., N. Y. Elec. School 
De Lucia, Anthony, N. Y. Elec. School 
Day, Howard B., University of Illinois 
Carlberg, Eric, Jr., New York Elec. School 
Kidd, George H., New York Elec. School 
Norton, Edward L., Mass Inst. of Tech. 
Leake, Robert A., University of Alabama 
Frisch, Charles J., Jr., Univ. of Nevada 
Egan, George R., University of Nevada 
Brown, Harold E., Rensselaer Poly. Inst. 
Strang, Harold E., Rensselaer Poly. Inst. 
Buxton, Stuart C., Rensselaer Poly. Inst. 
Torrens, Theodore M., Rensselaer Poly- 
technic Institute 
Wees, S., Rensselaer Poly. Inst. 
Vogel, Orrin §8., Rensselaer Poly. Inst. 
Hill, Harry R., Rensselaer Poly. Inst. 
Hogben, Albert R., Rensselaer Poly. Inst. 
Fletcher, Louis DeB., Jr., Rensselaer Poly. 
Institute 
Peck, Schuyler S., Rensselaer Poly. Inst. 
Kennedy, Luke F., Rensselaer Poly. Inst. 
Slattery, Paul T., Rensselaer Poly. Inst. 
Wieder, Irving M., Rensselaer Poly. Inst. 
Parsons, James A., Rensselaer Poly. Inst. 
Reeves, John C., Rensselaer Poly. Inst. 
Larson, Robert W., Rensselaer Poly. Inst. 
Gotoda, Kyoichi, Mass. Inst. of Tech. 


Case School of 
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- 14612 


14613 
14614 
14615 
14616 
14617 


14618 
14619 
14620 


14621 


14622 
14623 
14624 
14625 
14626 
14627 
14628 
14629 
14630 
14631 
14632 


14633 
14634 
14635 
14636 
14637 
14638 
14639 
14640 
14641 
14642 
14643 
14644 
14645 
14646 
14647 
14648 
14649 
14650 
14651 
14652 
14653 
14654 
14655 
14656 
14657 
14658 
14659 
14660 
14661 
14662 
14663 
14664 
14665 
14666 
14667 
14668 
14669 
14670 
14671 
14672 
14673 
14674. 
14675 
14676 


14677 
14678 
14679 
14680 
14681 
14682 
14683 
14684 
14685 
14686 
14687 


14688 
14689 


14690 


Journal A. I. E. E. 


Kneale, Charles K., Drexel Institute 
Terry, Owen R., University of Wisconsin 
Weigand, William F., Jr., Drexel Institute 
Lomet, Pierre, Jr., Rutgers College 
Sayer, Stephen F., Rutgers College 
Crossley, Gilbert L., Pennsylvania State 
College 
Holke, Fred A., University of Virginia 
Taylor, Francis W., University of Virginia 
Hobson, J. R. A., Jr., Virginia Military 
Institute 
Ruffin, Charles L., Jr., Virginia Military 
Institute 
Taylor, Laurens A., Cornell University 
Baumgardner, Donald G., Cornell Univ. 
Harrington, Howard L., Cornell Univ. 
Raskin, Justin, Cornell University 
Byrne, E. M., Cornell University 
Booth, Louis F., Jr., Cornell University 
Garver, Harry L., State College of Wash. 
Tozer, Robert W., Clarkson Coll. of Tech. 
Pflieger, John A., Drexel Institute 
Maltby, Clarence L., Mass. Inst. of Tech. 
Turner, Howard E., New Hampshire 
State College 


Faris, Edwin McK., University of Toronto 
Sawyer, Arthur I., University of Idaho 
Hoke, Frank, Swarthmore College 
Seglag, Lloyd B., University of Kansas 
Ellingson, Henry J., Montana State Coll. 
Neville, William B., Montana State Coll. 
Dame, Norman C., New Hampshire Coll. 
Alexander, Alexander, Cooper Union 
Borokhovich, John A., Cooper Union 
Brody, Edward, Cooper Union 
Bruns, William H., Jr., Cooper Union 
Carlson, Arthur W., Cooper Union 
Castellane, Herbert, Cooper Union 
Cleary, John V., Cooper Union 
Cox, Thomas J., Cooper Union 
Cruickshank, John E., Cooper Union 
Faigle, Charles A., Cooper Union 
Finfer, Sidney, Cooper Union 
Gandolfi, Anthony, Cooper Union 
Goldstein, Benjamin M., Cooper Union 
Gottron, Gustave, Cooper Union 
Herborn, Ludwig E., Cooper Union 
Hirschel, Leslie, Cooper Union 
Honest, Abraham, Cooper Union 
Hudack, John M., Cooper Union 
Katzman, Jacob, Cooper Union 
Kennedy, Edward J., Cooper Union 
Lamberty, Fred R., Cooper Union 
Leon, Harold, Cooper Union 
Marchese, Vincent, Cooper Union 
Muller, Joseph H., Cooper Union 
Rodgers, James, Cooper Union 
Rosenstein, William S., Cooper Union 
Russell, Edward F., Cooper Union 
Troster, Matthew, Cooper Union 
Vieth, William F., Cooper Union 
Walther, Henry, Cooper Union 
Nordlie, Glenn J.,. University of Wash. 
Irwin, Mason, University of Washington 
Funakush, Frank K., Portland, Ore. 
Ross, Edward A., Jr., University of Wash. 
Naden, Edwin T., University of Wash. 
Carlsen, Arthur G., University of Wash. 
Phelps, George O., New Hampshire State 
College 
Young, Wilfred A., Northeastern College 
Schaller, Irving R., Northeastern College 
Buckner, Laurence O., Mass. Inst. of Tech. 
Coffin, Philip T., Mass. Inst. of Tech. 
Thomlinson, John F., Univ. of Toronto 
Bauling, Clarence J., School of Eng. of Mil. 
Shipe, John A., School of Engg. of Mil. 
Banks, Henry R., School of Engg. of Mil. 
Fuller, Huber E., School of Engg. of Mil. 
Velasco, Jose, Jr., School of Engg. of Mil.. 
Schibursky, Leslie V., School of Engg. of 
Milwaukee 
Tholstrup, Henry, School of Engg. of Mil. 
Thompson, George W., School of Engg. 
of Milwaukee 


Breimo, Oscar L., School of Engg. of Mil 


Mar. 1922 


14691 Disch, Milton A., School of Engg. of Mil. 
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14692 Vasconcelos, Joaquin M., School of Engg yar ren eee HN pee ago Nr tn iadieg te paiag erau tie 
Bf Niltwantes P . , ., Alabama Poly. Inst. 14743 Phillips, Albert, Cooper Union 
14719 Turner, Morton V., Alabama Poly. Inst. 14744 Pshedezky, Paul, Oarbe Union 


14693 Rogers, H. Burrows, School of E i 
aeehe 7 ngg. of Mil. 
14694 McMahon, Alvin M., School of Engg. of 
Mil. 
14695 Channell, John W., Syracuse University 
14696 Pavia, Prosper L., Syracuse University 


14720 


14721 
14722 
14723 


Van Pelt, Eugene VanB., Jr., Mass. Inst. 
of Technology 

Sarros, James D., Mass. Inst. of Tech, 

Price, Edward P., University of Mlinois 

Counsell, Hubert J., Kansas State Agri. 


14745 
14746 
14747 


14748 


14749 


Rodd, Clifford A., Cooper Union 

Ross, John E., Cooper Union 

Steiner, Joseph L., Cooper Union 
Williams, Arthur, Cooper Union 
Malone, John D., Jr., University of Ala. 


146 i i 
hae hin fe - (Aiba stems College 14750 Thor, Berg V., Armour Inst. of Tech 

; ., University o isconsin 14724 Parsons, Cecil P., University of i inic a Ge 
14699 Crowley, John J., Chicago Technical Coll. 14725 Allender, Herbert A., Gna ean we iectee ee Tons tae 


14700 Rowells, Kenneth H., Univ. of Mich. 


College ; 

14701 Su ; s Sa 14752 Horgan, Francis J., ° 5 
er eta vot el eon Cae ee Callahan, Martin B, Je. Univ. of Utah 
14703 Burrill ee We saya Dae a ae 14727 Van Horn, Russell H., Lafayette College 14754 Herdti, G. D., University of Utah 
14704 Gannalt OD ov Sea oe Aime 14728 Elmore, J. Pitts, Oregon Agri. College 14755 Howarth, G. Alvin, University of Utah 
14705 Connelly, Robert G., Stanfc 4 -of Tech. 14729 Hawkins, Ralph M., University of Toronto 14756 Kajer, Homo J., University of Utah 
pint) away Dewi a 2 can University 14730 Acervi, George J., Cooper Union 14757 Lee, Karl C., University of Utah 
14707 Small. Eawi - Stanford University 14731 Adams, George G., Cooper Union 14758 Littlefield, James C., University of Utah 

’ win W., Stanford University 14732 Battle, John A., Cooper Union 14759 Mahoney, Cornelius P., Jr., Univ. of Utah 


vee raat aes Pe, oe University 14733 Biderman, Gustav R., Cooper Union 14760 Plates, Chris 8., University of Utah 
bib ruth or As as ees A ophitard ence re Arnold, Cooper Union 14761 Robbins, George W., University of Utah 
; A niversity onnors, John J., Cooper Union 14762 Ross, Marion S U i i 
J ’ ., University of Utah 
rene ens ange B., Mass. Inst. of Tech. 14736 Crivy, Alfred, Cooper Union 14763 Webb, Spencer E., Duley of Viah 
mlinson, Henry R., Mass. Inst. of Tech. 14737 Frank, Herbert R., Cooper Union 14764 Williams, David G., University of Utah 


14713 Royal, Edward, Mass. Inst. of Tech. 
14714 Schultz, Sol Eli, Drexel Institute 

14715 Stewart, Douglas C., Mass. Inst. of Tech. 
14716 Spurlock, Hugh G., Alabama Poly. Inst. 


14738 
14739 
14740 
14741 


Hellman, Theodore A., Cooper Union 
Imburgia, Charles, 
Lind, John E., Cooper Union 

Linke, Ernest H., Cooper Union 


14765 Wolcott, Perry R., University of Utah 
14766 Woodbury, Eugene, University of Utah 


Total 226. 


Cooper Union 


OFFICERS OF A. I.E. E. 1921-1922 


~ President 
WILLIAM MCCLELLAN 


Junior Past-Presidents 


CALVERT TOWNLEY A. W. BERRESFORD 


Vice-Presidents 
N. W. STORER 
C. G. ApsIT 
F. W. SPRINGER 
ROBERT SIBLEY 
F. R. EWArRT 


W. A. Hatt 

W. A. DEL MarR 
J. C. PARKER 
H. W. EALES 

O. B. COLDWELL 


Managers 
Haro_p B. SMITH 


James F. LINCOLN 


. I. SLICHTER 
G. FaAccIoLi 


F. D. NEWBURY E. B. CRAFT 

L. E. IMLay R. B. WILLIAMSON 
; F. F. FowLe A. G. PIERCE 
; L. F. MOREHOUSE HARLAN A. PRATT 


Secretary 
F. L. HuTCHINSON 


Treasurer 
GrorGE A. HAMILTON 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the January 
issue of the JouURNAL, and will be published again in the June issue.) 


GENERAL STANDING COMMITTEES AND 
CHAIRMEN 


ExEcuTIVE, William McClellan 

FINANCE, L. F. Morehouse 

MEETINGS AND PapErs, E. E. F. Creighton 
PusiicaTion, A. S. McAllister 

CoorpiNnaTION oF INSTITUTE AcTIVITIES, W. I. Slichter 
Boarp or EXAMINERS, H. H. Norris 

Sections, A. W. Berresford 

STUDENT BRANCHES, C. Francis Harding 

MEMBERSHIP, E. H. Martindale 

Heapouarters, W. A. Del Mar 

Law, H. H. Barnes, Jr. 

Puszic Po.icy, H. W. Buck 

CopE OF PRINCIPLES OF PROFESSIONAL Conpuct, C. A. Adams 
Sarety Cones, H. B. Gear 

STANDARDS, Harold Pender 

Epison MepAt, C. A. Adams 

RESEARCH, F. B. Jewett 


TECHNICAL COMMITTEES AND CHAIRMEN 


EpucaTIONAL, C. E. Magnusson 

ELECTRICAL MAcuHINERY, B. A. Behrend 
ELECTROCHEMISTRY AND ELECTROMETALLURGY, Lawrence Addicks. 
E.ectropuysics, F. W. Peek, Jr. 

INDUSTRIAL AND Domestic Power, W. C. Yates 
INSTRUMENTS AND MEASUREMENTS, F. V. Magalhaes 
TRon AND STEEL INpDustTRY,, E. S. Jefferies 

LIGHTING AND ILLumrnaTion, G. H. Stickney 
Marine, Arthur Parker 

Mines, Graham Bright 

Power Stations, R. F. Schuchardt 

Protective Devices, H. R. Woodrow 

TELEGRAPHY AND TELEPHONY, Donald MeNicol 
TRACTION AND TRANSPORTATION, H. M. Brinckerhoff 
TRANSMISSION AND DISTRIBUTION, Edward B. Meyer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the 
representatives may be found in the January issue of the JOURNAL and will 
be published again in the June issue.) 


CouNCIL OF THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 

AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL OF THE FEDERATED AMERICAN ENGINEERING 
SOCIETIES 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

Boarp oF TRUSTEES, UNITED ENGINEERING SOcIETY 

ENGINEERING FOUNDATION BOARD 

FRANCO-AMERICAN ENGINEERING COMMITTEE 

Joun Fritz MepAL Boarp OF AWARD 

Lisrary Boarp, UNITED ENGINEERING SOCIETY 

ELECTRICAL COMMITTEE, NATIONAL Fire PROTECTION ASSOCIATION 

ENGINEERING Division, NATIONAL RESEARCH COUNCIL 

U. S. NaTIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 
MISSION 

U. S. NaTIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

COMMISSION OF WASHINGTON AWARD 


A. I. E. E. SECTIONS AND BRANCHES 


A complete list of the 42 Sections and the 67 Student Branches of the Institute, 
with the names of the chairmen and secretaries, may be found in the January 
issue and will be published again in the June issue. 
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NEW CATALOGS AND OTHER TRADE PUBLICATIONS 


Mailed to interested readers by issuing companies. 


Polyphase Motors.—Bulletin 284, 16 pp. B. F. Sturtevant 
Co., Hyde Park, Mass. 


Electrically Operated Valve Control.—A series of bulletins 
describing electrical control of valves for waterworks and steam 
plants. Payne Dean Ltd., 103 Park Ave., New York. 


Meter Service Switches.—Circular 4484. For use by central 
stations in supplying service to homes and apartment houses. 
Employed in connection with any standard meter, or indepen- 
dently, if desired. Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh. 

Pulverized Fuel Systems. Catalog No. 12, 48 pp. 
Describing the Quigley system of preparation, transportation 
and burning of pulverized fuel, and its application in various 
industries. Emphasis is laid upon the method employed to 
properly prepare and burn the powdered coal. Hardinge 
Company Ine., 120 Broadway, New York. 

Tachometer.—Bulletin describing the Hasler-Tel Speed 
Indicator. Hasler-Tel Company, 461 Eighth Ave., New York. 

Water Tube Boilers.—Catalog No. 63, 154 pp., cloth bound. 
In addition to data on the Edge Moore boiler, includes informa- 
tion on baffling and stokers, the properties of fuels, proportioning 
of chimneys, and other data in regard to boilers and their opera- 
tion. Edge Moor Iron Co., Edge Moor, Del. 

Radic Telegraph and Telephone.—Catalog, 208 pages. 
describing wireless equipment and accessories. Manhattan 
Electrical Supply Co., 17 Park Place, New York. 

Time Switch.—Folder, describing Barnes Self-Winding Time 
Switeh. J. O. Morris, Agent, 1270 Broadway, New York. 

Small Motors.—Booklet, 44 pp., ‘“‘Popular Motor Me- 
chanics,” illustrating practical uses for small motors, and dis- 
tributed by this firm in their ‘‘over the counter’? merchandising 
campaign. Westinghouse Elec. & Mfg. Co., East Pittsburgh. 

Exhaust Fans.—Bulletin 1, 12 pp. Describing ‘‘Four Leaf 
Clover”? exhaust fans for vertical installations. Centrifugal 
Fan Co., 15 Seventeenth St., Newark, N. J. | 


Motor Starter.— Bulletin 101, “Starting Small A-C. Motors.” 
Describing the Monitor ‘‘Thermaload Starter’ for which patents 
are pending. Monitor Controller Co., Baltimore, Md. 


Industrial Motors.—Bulletins. No. 132, Elevators. No. 
138, Pumps. No. 212, A-C., Squirrel Cage Type. . No. 215, 
D-C. Motors and Generators. No. 301, Printing Press. No. 


570, Polishing and Grinding, including accessory equipment. 
Roth Bros. & Co., Chicago. 


Electricity in the Iron & Steel Industry.—Catalog, 242 pp. 
In German. Allgemeine Elektricitats-Gesellschaft, Berlin NW., 
Germany. , 


Water Tube Boiler.—Bulletin 7. Describes the latest 
development of the ‘‘Wickes’’ horizontal, water tube boiler. 
Wickes Boiler Co., Saginaw, Mich. 

Fuses and Fittings.—Discount and condensed catalog 
sheets. An arrangement whereby all products, prices and 
discounts may be ascertained from a 4-page bulletin, obviating 
reference to catalog. Killark Electric Mfg. Co., St. Louis, Mo. 


Insulated Wire.—Bulletin, 16 pp. ‘Hazard Keystone 
Wire,” for railroad signaling. Construction and tests are 
deseribed, as well as common failures of insulated wires. Hazard 
Manufacturing Co., Wilkes-Barre, Pa. 
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Magnet Wire.—Catalog, “Acme Wire Produets,”’ deseribing 
magnet wire and coil windings manufactured by the Acme Wire 
Company, New Haven, Conn. 


Motors, Generators.—Catalog 246, 54 pp. Deseribing 
“Sturtevant” motors, generators, turbine-generator sets, blowers, 
heaters, ete. B.F. Sturtevant Co., Hyde Park, Mass. 


Instruments.—Bulletin 122. Describing the use of graphic 
instruments in industrial plants. The Esterline Co., Indianapo- 
lis. Ind. 


Wire for Radio Stations.—Leaflet describing advantages of 
““Copperweld” wire for aerials, leads and feeder wires and ground 
connections and rods. Copper Clad Steel Co., Rankin, Pa. 


ZW APPARATUS AND METHODS 


Oil Circuit Breaker.—Type D-22. A high interrupting 
capacity switch of common frame and construction, some of the 
features of which are exceptionally strong tank-per-pole con- 
struction; each tank rigidly supported at four points on the 
frame; extending web on frame, reinforcing upper part of tanks; 
rigid frame construction, insuring contact alignment. High 
speed operation is obtained through use of light steel mechanism 
assisted by accelerating springs placed on each brush rod. 
Arcing tips are standard, equipment on both stationary and 
movable contact members. High-glazed, wet-process porce- 
lains provide ample insulation for current-carrying members. 
Type D-22 is furnished in usual standard arrangements for either 
hand or electrical operation, for sizes up to and including 1200 
amperes for 15,000 volt service. Rating 2000 amperes at 15,000 
volts. Condit Electrical Mfg. Co., Boston 27, Mass. 


Electric Drill-Grinder.—A portable electric combination 
drill and grinder, with slow and high speed. Weight 18 pounds. 
Drilling capacity of 14%” to 5%’ in steel, and when used with 
grinding attachment carries a 6’’ wheel. Motor develops about 
one-half h. p. underload. Wodack Electric Tool Corp., Chicago. 


MISCELLANEOUS 


Roller-Smith Company.—HElectrical instruments and eir- 
cuit-breakers, New York. Pendleton E. Lehde, 609 Whitney 
Central Building, New Orleans, La., has been appointed special 
representative to handle this company’s line in Louisiana and 
the southern part of Mississippi. ; 


Wilson Welder & Metals Co., Inc., New York.—R. L. 
White has been appointed district manager in charge of the 
Detroit Office, 809 Kresge Building, Detroit, Mich. 


The Allen-Bradley Company,—Electrical control appa- 
ratus, Milwaukee. This firm is now represented in Baltimore 
by Harry M. Wood. 


The Morganite Brush Co., Inc.—New York. The Special 
Service Sales Co., 502 Delta Building, Los Angeles, has been 
appointed agent for Southern California. 


Corliss Carbon Co., Bradford, Pa.—A. B. Holeomb has 
been appointed District Manager of the Pittsburgh office. 
Previously Mr. Holeomb was engaged in consulting and sales 
engineering in the Pittsburgh and Youngstown districts. 


Henry D. Sears.—General Sales Agent for Weber Wiring 
Devices, Boston. A sales office in New York, at 342 Madison 
Avenue, has been opened in charge of Henry E. Nickerson, for 
the past eleven years New England representative. 


